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[AE Opies ae « y aed [Paice » Is, BF a 
Aveling & Porter, TJ td.) Y azrow & Co., Ltd.,| John Pellamy, yles Limited, 


ROCHESTER. 


~ team 
Read Rollers & Tractors. 


A. (t. Meniora, Lt 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND WaR OFFice Lists, 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement. pagee 20. 29 and 81. 

PATENT WATER: TUBE B 
AUTOMATIC FEED REGULATORS. 
And Auxiliary Machinery as supplied to the 
Admiralty. 2179 








Dee errs Sieh: 
FLOATING CRANES, A OOAL “SUNKERING 
Werf Cand, "4 HAARLEM, 

Friars Hovsg, 


Agents: MARINE WORKS, Lrp., 
39-41, New Broan Sr., LONDON, E.C. 2. 
See half-page Advert. last week and next week. 9389 


ranes.—Electric, Steam, 
HYDRAULIC and HAND, 


of all t and sizes. 
GEORGE RUSSELL & CO., 


ae Motherwell, near Glasgow. 
STEEL TANKS, PIPES, GASHOLDERS, &c. 


Fthos. Piggott & Co., Limited, 


BIRMINGHAM. 7411 
See Advertisement last week, page 107. 





LrD., 
9109 








Plenty, and Son, 


weeesa ENGINEERS, &c. 


NEWBURY, ENGLAND. 
Mank Locomotives. 
ce =~ and Workmanship equal to 
Line Locomotives. 
R. & Ve HAWTHORN. LESLIE & CO,, Lrp., 
NGINEERS, NEWCASTLE: On-TYNE. 9105 


(Sochran MULTITUBULAR AND 


CROSS-TUBE TYPES, 
See page 17. 


Bowers. i 
Petter Qi! Hpneine* 

















SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 


SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STBAMERS OF 
EXxcePTionaL Suattow Draveut. 
Repairs on Pacific Coast 
by YARROWS, —— Victoria, British 
Colam' 


SHIPBUILDERS, Sure REPAIRERS AND Seemann 
(\ampbells & Her, L 4 
Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 


ys Launches or Barges 


Built complete with Steam, Oil or Petrol 
otors; or Machinery supplied Od 3551 
VOSPER &CO.,Lrp , Broa STREET, PoRTSMOUTH. 


ement.—Maxted & Knott, 
Lrp., Consulting eee Engineers, ADVISE 
GENERALLY o on proposed Cement Schemes FOR 
ENGLAND AND PA BROAD. ADVICE ONLY. 
Highest references, Established 1890. 
Address, BuRNETT AVENUE, HULL. 














Cablegrams: “‘ Energy, Hull.’ 
Qi Freel A aang 
PRESSURE, 
SYSTEMS {at R. 
STEAM. 


FOR BOILERS OF ALL TYPES. 
Kermodes Limited, 
35, Tus Tempix, DaLE STREET, LIVERPOOL ; 
MESSRS. BUCKNALL & RICHES, 

8, SourmampTon Row, Lonpox, W.C. 1. 
Telephone No.; Museum 6684, 
NAVAL OUTFITS A SPROCIALTY. 





9983 [_comotives | Tank Engines 


constructed 
MANNING WEEDLE 4 AND COMPANY, LrMITEpD, 
e Engine Works, 
See their Illus. Advertisement, 
RAILWAY AND TRAMWAY ROLLING STOOK. 


urst, NJ elson & .» |. td. 
gue San Srock pene Pan 


R . Vaicaee & Co., Ltd., 


(EsTABLISHED 1864.) 
SUILDERRCINANLTANCAnacAaES &WAGONS. 





| imited, 
MILLWALL, LONDON, 8. 
GeweraL ConsTRUCTIONAL ENGINEERS, 


Boilers, Tanks,& Mooring Buoys 


Sritis, Perrot Tanxs, Arn RecEIVERS, STEEL 
Cuiayeys, RIVETED STEAM AND VENTILATING PIPES. 
Hopprns, Special Work, Repairs oF AL Kreps. 


T'ubes and Fittings. 


1216 





Stewarts and Lovds. Li 
Glasgow and Birmingham. 


See Advertisement page 112. 9091 


Machine and Engineering 


WORE of <A. descriptions undertaken for 
tentees, lso 





Manufacturers, Pa‘ A repairs and 
er Best work, moderate t) es.— ROSSER 
& RUSSELL fae ueen’s Wharf, Hammersmith. 
_vEW PATENT AUT.—Rosser & Russewt, Lrp., 


prepared to wndertae the manufacture of articles 
at 1 present made abroad, and will be pleased to hear 
from fi firms desiring such work execu 9211 


KE. J. Davis, M.L Mech.E., 
pte Gee 8 


nes "Inspected, Tested ond 
ver 25 years’ ex ence. Tel.: 

736 and 737 tratford. Wire : * Ra 

—Great Eastern Road, Stratford, K. 15. 


ising, Lendon.” 
1794 
[the neo Railway 
Engi neering ( Company, 
AN, GLASGOW. Lrp., 
London Omiese 12, Victoria Street, 8.W. 








Man RS OF 
RAILWAY CARRIAGE, WAGON & TRAMWAY 
BELS & AXL 


WHEELS & AXLES. 
CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXKEs. 
Tue Guiaseow RoLiine STOCK AND PLaNT WoRKS. 


Hz: Nelson & Co., Ltd., 


Builders of RAILWAY bey oy WAGONS 
ELECTRIC CARS, and rvr DESCRIPTION 
or RAILWAY and TRAMWAY ROLLING STOCK. 

Makers of WHEELS and AxLes, RatLway PLarr. 
Foreines, SMITH Work, [Row and Brass CasTines. 
Presesp Steet Work oF ALL Kinps. 

red Office and Chief Works: Motherwell. 
on Office: 14, Leadenhall Street, B.C. O0d3382 


Lo 
DESIGNS axp TRADE MARKS 
Patents IN ALL COUNTRIES. 











AST AM, MANCHESTER. 
PRED WATER HEA’ 
Se re S. HVAPORATORS Row's 


CONDENSERS, Al ATERS PaTunrTs 
STBAM anp Gag KETTLES, 
Merrill's poten TWIN IN STRAIN 


SYPHONIA STEAM iTRAPS RR REDUCING A es 
aye -class GUNMKTAL STHAM FITT 
ATER SOFTENING and PILTRRING. 6123 


Y #rrow Patent 


ater-tube Boers. 


9564 
Messrs. YARROW & CO, UNDERTAKE the 
PRESSING and MACHINING of the eam or 
of Yarrow Boilers, such as the Steam Drums, Water, 
Pockets, and Superheaters for British and Foreign 
Firms not aM Sar necessary facilities. 
YARROW & OO., Lrp., Scorsroun, GLASGOW. 


Mi2tthew paula & Co. L 4 


LEVENFORD WorKS, Dumbarton. 9518 
See Pull Page Advt., page 70, Oct, 14, 


Forgings. 
Wilter Gomers, Limited, 


HALESOWEN, 7116 


Gpur § & Bevel Gear Generating 
ATTACHMENTS FOR SHAPERS. 
Spur oan lzin, Straight & Spiral Bevels 6 in, and 
in. LIM Tie Merchants only. 9704 
MATTERSON, LIMITED, Shawelough, Rochdale, 


HIGH-CLASS 
“Delta Brand grain nening ALLOYS, 
~~ - . Cast sage Bere re Spety, Se, Tubes. 
DELTA L OO., 9350 
BE. Gre onme LONDON. Ai my 10(& at Birmingham) 


| ‘aylor & (Shallen 


Presses 
8195 


About 200 NEW PRESSES in ‘Stock in our 
Showrooms for immediate delivery at specially 
Reduced Prices. 

TAYLOR & CHALLEN, Lro., Engineers, 
Constitution Hill, Binminewam. 

See Full Page Advertisement page 68, Oct. 14. 


“FOR 


Drop Forgings 


GARTSHERRIE ENGINEERING & FORGE OO,, 
50, Wellington Street, Glasgow. 9674 


&  serscel He wood” Patent 


be Mekers Oilers, See page 23 





























SeOPENOEE - BONROOURT, Leo. vase’ 
MAKERS of WHEBLS and AXLES of all kinds. EK. i Alexander & Son, Parliament Mansions, Victoria 8 , 3.W, 
Por Famfin ond Orede Of RAILWAY WAGONS FOR HIRE. OmABTERED PaTEnT AGENTS, Graruirep GrapHirep 
izes 2} B. BB, and upwards. Chief Works and Offices : 306, HIGH HOLBORN, LONDON, W.C. OIL. WATER. 
Petters Limited, Yeovil. a es (Bstablished 1874.) “OILDAG” “AQUADAG” 
Sizes 10 to 500 B.HP. 3, Veowenta Srarcer, Westuperrr, 8.W. Telephone: Central 7424. Od 585 (Reg.) BRAND. (Reg.) BRAND. 
\ Tickers-Petters, Ltd., I swich & 0 OHANTIERS & ATELIERS. GnapuireD 
See advertisement alternate ee enry Butcher O., Md GREASE. 
sree ugustin-Njormand “GREDAG ” 
. VALUBRS amp AUCTIO: 
| nvincible (G208° (lasses. se the 61, rue de Perrey—LE HAVRE 9608 
BNGINBBRING AND ALLIED TRADES, — 3000 td. 
BUTTERWORTH BROS., Lid., aIs0 FOR reed ~* Torpedo Boate, Yachts and Fast Boats, K. cheson ° 
Newton Heath Glass’ Works, PLANT axp MACHINERY. 8134 | ORMAND'S Patent Water tabe Bollere, Goal or Oil |. _Dept. B.. fiole Menutsevurers.) Works 
y Banshester. Od 9758 63 and 64. CHANCERY LANR, W.O. 2. Heating. Diesel Oil Engines. 40, Woon 8T., 
ilectric rE Senenorvers: Klectric Lifts frewieerisl. 5 (jranes. L,°°"Sieon T[vsvenen 
4 (UP TO 85 TONS.) = | eae 
8. H. HETWOOD £ 00., LTD. 9028 8. H. HEYWOOD & CO.; LTD. 8. H. HEYWOOD & OO., LTD. 8. H. HEYWOOD. & 00., LID., 
DISH. REDDISH. REDDISH. 
: he National Foremen’s| Phone—Holb. sl. eS ea 
Fuller, Horse it »Sons & Cassell, J ohn H Witsone Oo Ltd ee A ndrews & Beaumont, 
+ ” "9 ENGINEERING AND ALLIED TRADES. (wert 8A: B.8c.; J. Harold Beaumon 
SALE AND VALUATION Birkenhead _ epee ATEN AG AGENTS, eaeen ra . 
ediongets see An Association specially f formed to look after the 2, Southampton Duldings Lenten, Weg 
FLAN? AND MACHINERY See Illustrated Advertisement Page 100, Jan. 28. | interests of Foremen on thet str Supervinory Capacity. S. S okal, parunr acune, 
-ENGINEERING WORKS. Alt communications to— Head Offices— 
. . .W. ’ . Street, IRN London, WO. 
11, BILLITER SQUARE, 3.0.3. Locomotive Shunting Oranes Gencral Secretary. Victoria, London, 8.W. 1. | en a asi6 Museum, 





Iron and Steel ‘ 
T'ubes and Plittings. 


Sole. Licencees in Great Britain f 
a snd Gor ‘or the manufacture 


The Scottish ‘Tube Co., Led, 


HEAD Ospees S4, Street, 


Steam and Biectric Cranes, 


a everee oononEEE. CRANE-NAVVIES, 
CRETE-MIXERS 


cme Wa Si, and 


Lisrs oF STANDARD SIZES ON APPLICATION. 





Robertson 
Advertisement page 89, Oct. 14. 





£ UJ 
oge4 | RAILWAY IRONWORK, BRIDGES,ROOFING, do. 








& W. MacLellan, Limited, 


P. OLUTHA WORKS, GLASGOW. 


MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION 


Chief Offices: 129, Trongate,Giascow. Od 8647 





London Office; 16, VICTORIA STREET, 8.W. 1. 


((ontrifugals. 
Pott, (aseels & ‘WV illiamson, 


MOTHERWELL, SCOTLAND, 
91217 





Registered Offices: Clutha —— 10, Princes 
Westminster, London, -W.1. og 


Bee half-page Advertisement, page 74, Sept. 30, 





Saal ——- 








— 


nen — 


a — 















ENGINEERING, 


{Oct. 21, Ig2tr. 








Manchester Steam Users’ 


ASSOCIATION. 
For the ention of Steam Boiler Hxplosions and 


for the attainment of Bconomy in the Application 
ot Steam. 9, nome core ANCHESTER. 
Ohiet Hngineer: "STROMBYER, M.1.0.8. 
Found ise by 8 t Wri11aM Farrpainn. 
Certificates of Sa eee under —) Factory and 
Workshops Act, 1901. Compensation for _— 
and Liabilities paid in case of Explosions. Engines 
and Beilers inspected during construction. 9310 


Kt London College 


(UNIVERSITY OF LONDON), 
MILE END ROAD, E. 1. 


A COURSE OF SBVEN LECTURES will be given 
at Lx ox e@ by Brerweer-OoMMANDER w. 
K +, Superintendent of the Admiralty 
—~ pontag Laboratory at West Drayton, on Diese! 

Semi-Diesel Oil Engines, the Present Position of 
the Heavy Oil and the Problems involved in 





he course will commence on Thursday evening, 

r 27th, at Six p.m,, and will be continued on 

the succeeding Thursdays, November 3rd, 10th, 

17th, Friday, November 25th, and Thursda ys, 

December Ist and 8th at the same — 
Fee for the Course 21 

Students attending Universit, Sours at Colleges 

and Institutions of the Unive aa, 6d. 


8 347 


orrespondence Courses for 
BSc. Inst, OM, I. Mech. B., all BNGI- 
NEBRING HXAM Courses and Single 
Subjects. Pononal out ion.—For fu 1 
apply to Mn. SREVOR W. Prinutrs, bdo 
Chambers, 58, South Joha econ ay eit 


[2s C.E., I. Mech. E., B.Sc., 

and all +) mee wera Tr a. Pp. 

KNOWLES, B.5c., M. ps F.8.L, 
M.R.San.I., PREPARES ‘CANDIDATES personally 





sfford 
9296 





Thousands of successes 
Courses may com. 
Victoria &t., Westerner, 




















correspondence. 
oe by the last sixteen 
mence at any time.—39, 
' h} 
nst.C.f. Exams.—Successes 
as usual last Hxam. by Correspondence Coach- 
ing.’ Successes by hundreds, several prizes. c. 
Address, 7434, Offices of Enernzemne. 
TENDERS. 
THE MINISTRY OF PUBLIC WORKS, 
NMENT, 
are calling sg 
enders for the 
PUMPING PLANT and _ 
Meee Plant to include four Diesel or Semi-Diesel 
ngines, each directly coupled to a Turbine or 
Conerivags! Pump, with all necessar 
can be obtained 
“THE INSPHOTING } RNGINEER, 8 297 
Beyprian anp SupsaN GoveRNMENTS, 
___ Westminster, 8.W. 1. 
~ CALCUTTA BLECTRIC SUPPLY 
The Directors of the Calcutta B. 8. Corporation, 
Ltd., invite 
for the Supply of 
CABLES, BITU SHEATHED CABLES, 
V.1.R, CABLES, and JOINT BOXES, to 
SPeCIFICATION No. 72. 
obtained from, the Offices of the Consultin, ‘Bngi- 
neers, Messrs. Kennepy & Donkin, 17, Victoria 
Street, London, 8.W. 1, on and after Thursday, the 
9th, 1921. 
IVOR C. THOMAS, 
3 & 4, Clement’s Inn, Secretary, 
Strand, W.C, 2. 
ber, S 334 
THE SOUTH INDIAN RAILWAY COMPANY, 
LIMITED, > io ie to receive 
enders for Supply of :— 


S.W. Tel. 4780 Victoria. 
e emi P professional experience. 
BGYPTIAN GOVER 
erected by the Contractors at Atf. 
y pipes, etc. 
Conditions ~ Tender and Specification, price 10s., 
Queen Anne’s Chambers, 
CORPORATION, LTD. 
Y | Yenders 
PAPER INSULATED, LEAD UVOVERED 
UMEN 
The above Specification can be seen at, and 
20th instant, Tenders are to be sent in by November 
léth October, 1921, 
RAILS AND FISHPLATE 


60 Ib. per yard B.S. Bull-headed Rails & Fishplates. 
90 Ib. ditto ditto ditto 
Terie for 41} lb, Flat-bottomed Rails, 
ifications and Forms of Tender will be 

avah able at the Company's Offices, 91, Petty France, 
Westminster, 8.W. 1, 0n Monday, the 24th instant. 

Tenders addressed to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
marked “Tender for Rails and Fishplates,” must 
be left with the a not later than Twelve 
noon on Friday, the 4th November, 1921. 

The Directors to not bind themselves to accept 
the lowest or any Tender, 

A charge, which will got be returned, will be 
made of 20s. for each copy of the Specification. 

Copies of the Drawings may be obtained at the 
Office of Messrs. Ropent Waite & P\RPnvers, 
Consulting nn omy to 7 Company, 3, Victoria 
Street, Westminster, S.W. 

A. MUIRHBAD 


Managing Director. 
91, Petty France, S.W, 1. 
19th October, 1921. 8 378 
CITY OF LEICESTER 5. eg 
WATERWORKS DEPARTMENT. 
CAST-IRON PIPES. 
The Water pene . the Oity of Leicester 
invite 


[lenders for the Supply and 
DELIVBRY of about 2,700 tons of 27 in. 
diameter CAST-IRON PIPES. 

Conditions of C, a ie and Form 
of Tender Lene be ~. eh Eeoeeey Companies 
or their from the Un 

Sealed caine upon the > Suppited endorsed 
“27 in. diameter Cast-Iron Pipes,” are to be 
delivered to the eotereignes on or before the 
14th November next. 

The Committee do not bind themselves to accept 
the lowest or ay. Tender. 

ee 
‘a eer and r. 
Waterworks Office. 


een Green Street, Leicester. 
October 15th 





8 339 





LONDON COUNTY COUNCIL. 


[renders are Invited for the 


PURCHASE and REMOVAL of One 3,500 
K.W. GENERATING SET, SPARE PARTS, Bte. 
The Plant may be inspected at the Council’s 
Tramway Power Station, Hoskins Street, 
Greenwich, between the hours of Nine a-m, and 
Five p.m. on any week day except ~ gee fe from 
24th October to 14th November, 1921, bo 
inclusive, upon production of the tender form. 
Particulars and Forms of Tender may be obtained 
from the Gcneral ee me London a _—— 
Tramways, 23, Belvedere Road, Lam 
No Tender will be considered if aaa at County 
Hall, Spring Gardens, 8. “a 1 after Twelve noun on 
Tuesday, 15th November, 192 
The Council does not bind’ itself to accept the 
highest on any Tender 
TA MES BIRD 
Clerk of the London County Councii. 
BOROUGH VO AL ° 


SEACOMBE FERRY IMPROVEMENTS. 
The Corporation of Wallasey invite 


[lenders for the Carrying Out 
of that portion of the above Work, denominated 
work “B FLOATING ROADWAY, and 
Work “oo our’ FOR NEW FLOATING ROAD- 
WAY, and works in connection therewith, in 
accordance with the detailed Plans and 8 ification 
of Messrs. Wrron & Brtt, Consulting Civil 
Bagnowm, Westminster Chambers, 1, hall 
Street, Liverpool, at whose office copies of the 
Specification and Roy may be seen. 
Contractors desiring to obtain copies of Plans and 
gin ey and Schedule of a may do so 

= yen of a fee of £2 2s. for each work, or of 

for the two Works, which fees will not be 

tA R 

Tenders on the Form of Tender provided must 
be delivered to the undersigned in asealed envelope 
endorsed “ Tender for Seacombe Ferry Improve- 
ments, Works B and/or C,” not later than Twelve 
Noon, Saturday, November Sth, 1921. 

GEO. LIVSEY, 
Town Clerk. 


8 352 


Town Hall, Wallasey. 
7th October, 1921. § 247 


THE BENGAL AND NORTH WESTERN 
RAILWAY COMPANY, LIMITED. 


The Directors are prepared to receive 


[lenders for the Supply of:— 


(a) - 0,4. WAGONS ad and 
TTINGS for 300 Wagons 
(8) MATHRIALS for Construction of 300 


Wi 
(c) 1 ,100 pairs. of waees AND AXLES. 
(p) 1,200 AXLE BOXES., 
(8) 1,200 rg Spins. 
(F) 1,200 VOLUTE SPRINGS. 
r Specifications to be ba at the Company’s 
ces. 

Tenders addressed to the underigned, and marked 
** Tender for ——— (4) or (B)”” or as the case may 
be, are to be lets not later than Noon on Monday, 
the 14th ~ K ovember, 1921. 

For Specifications (a) and (B) a fee of £2; (c) £21; 
(D) (mB) and (F) 10s, each will be charged, which can- 
not, under any circumstances, be returned. 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

By Order a the Board, 
. A. NEVILLE, 
Managing Director. 
237, Gresham House, Old Broad Street. 
London, B.C. 2 
18th “Detober, 1921. 
KAST INDIAN RAILWAY. 


The Kast Indian me > ated is prepared to 


r['enders for “the Supply and 
mt wag of :— 
1, PAINTS, &c. 
2. WOOD SOREWS, NAILS, &c. 
3. BUNTING. 
4. 20 BOGIH CARRIAGES. 

r Specifications to be seen at the Company's 
ces, 
Tenders are to be seat to the undersigned, not 
later than Hleven o'clock a.m., marked “* Tender for 
Paints, &c.," or as the case may be, for Nos. 1, 2 
and 3, on Wednesday, the 2nd day ‘of November, 

ximo, and for No, 4, on Wednesday, the 9th 
} of November, proximo, 

The Company reserves to itself the right to divide 
= order, also to decline any Tender without 

re oweet or any and does not bind itself toaccept 
the west or an Tender. 

each 5 tpeeification a fee of £1 Is. is charged, 
whieh cannot under any ciroumstances be returned. 
By Order, 
G. HE. LILLIE, 
Secretary. 


8 a68 
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0 


——— Lane, ng Wy B.C. 4, 
hh October, 1921. 
BOROUGH OF A BURY. 


ELECTRIC MOTORS AND PUMPS. 


Tenders are Invited for 


SUPrLy ING and yitine complete— 


ConTRACT 
TWO VERTICAL A.C. ELECTRIC MOTORS and 
FIVE HORIZONTAL = ELECTRIC MOTORS, 
Cc. 


OConrracr No. 3. 
TWO VERTICAL CENTRIFUGAL PUMPS and 
THREE HORIZONTAL CENTRIFUGAL PUMPS, 
Delivery Pipes, Valves, &c., at the Sewage Works, 
Bicester Road, Aylesbury. (Nors.—In the event of 
a Contractor quoting for both Contracts he must 
send separate Tenders in for each Contract.) 

Plans and Specification may be seen on application 
to the undersigned upon i py of 21 Te, which 
will be returned on receipt of a bona fide Tender and 
return of all documents, 

Sealed Tenders, endorsed “‘ Tender for Electric 
Motors and Pumps,” together with Drawings, to be 
delivered to my ffice not later than Twelve o'clock 
noon on Friday, November llth, 1991. 

Contractors desirous of being shown over the site 
are requested to make arrangements with Engineer 
and Surveyor, 

The Council does not bind itself to accept the 
lowest or any Tender. 
wM, me ge BASLOS, 

Engineer and Surveyor. 
Town Hall, = 
Aylesbury. 


October 21st, 1921, 8S 361 





SIAM STATE RAILWAYS. 
NOTICE. 


[renders are Invited for the 


SUPPLY of 500 Pairs WHEELS and AXLES. 
fications and a may be — 
against payment of £1 m essrs. O, 
SaNDBERG, 40, Grosvenor Gardens, London, 8.W. . 
Sealed Tenders, with the inscription “‘ Tender for 
500 Pairs Wheels and Axles .” must be for- 
warded to the undersigned, at whose office in = 
City of Bangkok, Siam, they will be received u 
Two p.m., on the Ist February, 1922, at which p bes 
nary hour the tenders will be publicly opened and 


Right is reserved to reject any or all Tenders, and 
to accept any Tender which in the opinion of the 
undersigned is to the best interests of the Siam 


State Railways. 
PURACHATRA, 
Commissioner ng of State Rail ways. 
Department of State Railw: 
Bangkok, 13th September, 1921. 8 377 


BOMBAY PORT TRUST. 
ENGINEBRING ASSISTANT. 
The Trustees to the Port of 7 require the 


ervice of an neerin 

ASSISTANT with good e ence of girder 
bridge and roof steelwork ork. design, building con: 
struction and hea work. hould 
preferably have ataplaes cian! experience | in connection 
with way or dock wor have m for 
some time with a good contractor. Capable of 
preparing designs and drawings and making 
Se ienletiees under the direct supervision of an 
Executive Engineer, Salary, Rupees 850 per 
month rising annually by Rupees 30 per month to 
Ru and if married with such married 
officer’s house allowance as he may be eligible for 
under the rules of the service. Three years’ 
agreement.— Applications, in par only, — 

age, ualifications, etc., wit 
copies of testimonials sy the CONSULTING 
ENGINEERS, Bompay Port Trust, 2, Queen 
Anne’s Gate, Westminster, S.W. 1. 8 313 








LONDON COUNTY COUNCIL. 


enders are Invited for the 


MANUFACTURE, SUPPLY, DELIVERY 
and ERECTION of WATER TUBE BOILERS, 
with SUPERHEATERS and ECONOMISERS, Btc. 

The Specification, Form of Tender and general 
conditions, may be obtained from the Clerk” of the 
Council, County Hall, Spring Gardens, 8.W. 1, on 
payment ofa deposit’ of £2 to the Cashier of the 

ouncil, which amount will be refunded on receipt 
of = bona fide Tender. 

Tenders must be addressed to the Clerk of the 
Council and delivered to the County Hall, Spring 
Gardens, S.W. 1, not later than Four p.m, on 
Monday, 28th November, 1921. Any Tender 
received after that time will not be considered. 

The Council dees not bind itself to accept the 
lowest or any Tender, 

JAMES BIRD, 8 351 
Clerk of the London County Council, 








APPOINTMENTS OPEN. 





RESBAROH DEPARTMENT. 
ROYAL ARSENAL, WOOLWICH. 


DIRECTORATE OF METALLURGICAL 
RESEAROH. 
nara I. 


fa eg quired, one Assistant 
METALLURGIST. 

Candidates must have good academic 
qualifications and at least two years’ experieuce 


of metallurgical research. Some works experience 
would be regarded as an additional qualification. 


Initial Salary 2370 and bonus, wy emoluments 
at present approximately £630 8s. 0d.) 


The above post carries superannuation under 
a scheme similar to that of the Federated 
Universities. 


Annual leave, six weeks. 


Applications in —, with copies of testi- 
monials and references to any published work 
should be made to the 


CHIEF SUPERINTENDENT, 
Research Department, 
Royal Arsenal, 


from whom the conditions of Employment may be 
obtained. as 


CITY OF eee pra SUPPLY 


ASSISTANT RESIDENT POWER STATION 
ENGINEER AND FOUR POWER STATION 
SHIFT ENGINEERS. 

The Birming ham Corporation is prepared to receive 


‘Applications from Suitable 


ndidates for the following POSITIONS 

on the Staff of the Blectric Su supe ly De ment :— 
ONE a ee T POWBR 
= TION NNGINBLE, Minimum Salary 


1 —_., — 
| Fa ay tnable to Grade 
FOUR POWER STATION SHIFT ENGINEERS, 
Minimum Salary in accordance with 
National Joint Board Schedule, applicable 
to Grade 8, Class G. 

Candidates must have had a sound theoretical 
and practical training in Blectrical and Mechanical 
Engineering and be thoroughly experienced in the 
operation of a modern Power Station. Preference 
will be given to Corporate Members of the Institu- 
tion of Electrical Engineers. 

The successful candidates will be required to 
undergo an approved medical examination and 
contribute to the Corporation Superannuation 
Scheme. 

Forms of application for the above appointments 
may be obtained from the undersi, » and — 
completed should be sent te these offices with co 
of not more than three most recent testimonials Res 
to experience, ability and character. App plications 
endorsed ‘‘ Assistant Resident Engineer,” or “Shift 
Engineer,” as the case may be, must be sent in not 
later than Monday, Corey 3ist, 1921. 

J. JENNINGS, Secretary. 

14, Dale End, masa 

5th October, 1921. S 278 








Supervising recting Engineer 
ANTED, for Firm in the North. Applicants 
must have had experience in the erecting, wiring, 
and a of large. Rolling Mills and other classes 
of electrical apparatus.—Address, with particulars 
of training, age, experience, and salary required, 
8 367, Offices of Enervcenrine. 


Process Engineer Wanted by 


large Electrical Firm in the North. a kf 
given to a man who has had a first-class experience 
et Machining and Assembling Operations on 
Electrical Apparatus. Applicants must be able to 
onal operations direct from drawings and to 
Support process by extensive practical knowledge. 
Applications should give full particulars of experi. 
ence, positions held, age, and salary required.— 
Address, § 308, Offices of ENGINEERING. 


aC’ Engineer Required, 








by the GovERNMENT OF NIGERIA, for 
two tours each of 12 to 18 months’ service 
in the RaiLway DEPARTMENT, to act as Resident 
= neer in charge of the erection of Locomotive 
Carriage Workshops, Power Station, &c., at 
Bnu alary £1200 per annum. Free quarters 
and first class ees provided. Liberal leave in 
England on full salary, 
ndidates, age 35 to 45, must be qualified Civil 
Engineers, pre — Corporate Members of the 
Institution of Civil Engineers, who have had con- 
eran Sy rg in = es of machinery. 
—Apply, at once, in writin n and _ brief 
details of yore to Tie © ROWN AG ENTS 
FOR THE COLONIES, 4, Millbank, Weetainene 
8.W. 1, quoting M/Nigeria, 11156. 8 369 


wo Senior Draughtsmen 

REQUIRED for aireraft work. Apply stating 

age, salary required, and aircraft experience.— 
Address, § iS) 846, Offices of ENGINEERING. 


rans es Limited Require the 


VICES of a HEAD DRAUGHTSMAN 
with good experience of Pump work, Steam 
Bagion, and Hydraulic work. State qualifications, 
age and salary.—Replies will be treated con- 
fidentially, and should be addressed, CHAIRMAN, 
Taneyres Limirep, Cornwall Works, Birmingham. 
§ 286 


Fo oreman of Works | 
REQUIRED, by the GoveRNMENT |. 


OF Nigeria, for the PuspLtic Works 
DEPARTMENT, for two tours each of not leas than 12 
and not more than 18 months, with possible — 
sion. Salary £500 per annum, rising to £2560 pe 
aunum by annual increments of 212. Outfit 
allowance of £45 on first appointment. Quarters 
free of rent aud free passages. Liberal leave in 
England on full salary. Candidates age 25 to 40, 
must have had experience in the sinking of concrete 
cylinders for ae e foundations, and of bridge 
buiiding.— Ap pply 8 once, by letter, mentioni 
this paper an — page snd full culars 0} 
experience, to THE CROWN AGENTS FOR _ 
COLONIES, 4, Millbank, Westaxnsten S.W. 
quotin, M/10765. 8 3s 











SITUATIONS WANTED. 


hipyard Manager (41), wide 
experience, merchant work home and abroad 
Shortly Open for Re-engagement, Keccm Great 
Britain or Northern Europe, tt in latest | 
methods steel ship construction. Highest references. © 
—Address, 5 340, Offices of ENGINERRING. 


uying Engineer. — The 
Manager of a large gineering Works’ 
a mene | Department, who te an exce — 
Kee knowledge of the Markets of the Count 
KESIRES to Negotiate NEW APPOINTMENT. 
orion will be available in two weeks’ time.— 
Write Z. M. 613, care of Dracon’s, Lentoohel 
Street, B.C. 3. 


Ci Engineer, 21 years’ 


experience, home and abroad, railway 
engineering, irrigation, general experience, plans, 
sections, estimates, set out and measure wU 
work, DESIRES BMPLOYMENT.—Address, 5 181, 











W orks Superintendent 


REQUIRED by manufacturers of Electric 
Accumulators, Midland counties. Must have good 
mechanical engineering experience and be 
accustomed to handle men. Knowledge of accumu- 
lator construction not essential.—Address, § 283, 
Offices of ENGINEERING. 


‘anted at Once, First-class 

Experienced and Energetic 

BLAST FURNACE MANAGER for up-to-date 

Pee any Ae a Furnaces, well versed in 

| ampere of Basic and nn! Irons from lean 

a ay sone es ot ience and 

roqstee’. JOHN SAGHT, Ltp., ao 

k Steel Works, .. S 300 


Mechanical En eer, under 


35, unmarried, W. ED for Baghdad for 

Charge of Worksheps and Machinery Sales. Initial 
sal Rs.1000 month, with quarters and 
venedts of Pr ent Fund.—State , education, 
exponen, war service, to K, Winc ester — 





Offices of ENGINEERING. 
Representati ive, 


Hpginecrs 
hanical, Electrical, Good Connection, 


heey Departments, Railways, Public Bodies, 
Frtncipal Contractors, OPEN for good ENGAGB- 
London, East Coast, Southern Counties to 
a manufacturers. Knowled eof Engines, 
Motors, Pneumatic Plant, Cables, all classes of t tubes. 
The manwhocangetthere. Salaryand commission — 
arrangements expected £1,000 per annum.—Adddress, 
S 344, Offices of EnenvexRmne. 


G tructural Engineer Having © 


wide experience in the desi; and — 
manufacture of Steel Bridges, wot But din 
and General Steelwork, D R POINTME 
Fully capable of undertaking the sare of & 
technical staff, site erection, or similar responsible 
position. —Addrers, S 370, Offices of ENGrmErniné. 


Mechanical Engineer, with 


13 years’ good general e ence as Manager 
and Foreman ; also costing ax travelling experi 
ence, SEEKS ‘responsible F T in any capacity.— 
Address, § 375, GINEERING. 
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MAPPING FROM AEROPLANE | 
PHOTOGRAPHS. 
By R. B. Unwin, B.Sc.(Eng.), London. 

DurinG the war a considerable area of Northern 
France and Belgium was entirely re-mapped, 
largely from aeroplane photographs, so as to provide 
the large-scale accurate maps which were necessary 
in stationary warfare to show the elaborate trench 
systems and to enable the artillery to lay their 
guns on invisible targets. 

The photographs were taken by a camera rigidly 
fixed to the underside of the aeroplane. So, if the 


ENGINEERING, 


photographs. Even when all the photographs are 
taken from the same height and consequently the 
average scales of them are all the same, there are 
sure to be a few slightly distorted photographs. 
So the result does not give a true representation of 
the ground. 

In mapping from aeroplane photographs it is 
necessary, therefore, to form a “ framework” on 
which to hang the photographs. The “ frame- | 
work ”’ consists of a number of points. The exact 
position of these points on the ground must be | 
known, and they must be such as can be identified | 








on the photographs. The primary points used 


Fig. 2. 
es COMPILATION 
PHOTOGRAPH. , 


DIAGRAM. 


557 
be fixed from the aeroplane photographs in one 
of the ways now to be described. 

However much distorted a photograph is, a 
straight line on the ground will appear as a straight 
line on the photograph, provided the difference in 





Fig.3. PORTION OF COMPILATION DIAGRAM. 
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Fig. 4. 


plane were slightly tilted when the photograph was 
taken, the lens of the camera would not be pointing 
vertically downwards, and in consequence the 
photograph would give a distorted view of the 
ground instead of a true map. A largely distorted 
photograph of a chess board would appear as in 
Fig. 1; point A being furthest from the camera. 
From this it will be seen that the scale of a distorted 
photograph varies not only in different parts; 
but in the same part lines at right angles have 
different scales. Compare the lengths A and B, 
which should be equal. 

This is the difficulty which arises when attempting 
to form an accurate ‘“ mosaic’? map by fitting 
together suitable portions of a number of aeroplane 


were the original trigonometrical, survey points, 
usually church spires. These were not close enough 
together to form a complete framework, so inter- 
mediate points had to be fixed. 

If the ground were accessible, i.e., lay behind 
our lines, a surveyor with a plane table working 
from the trignometric points fixed the position of a 
number of cross roads, as these could be identified 
on the photographs very easily. Naturally this 
did not take long as the surveyor did not trouble 
about any detail, but merely marked the position 
of cross roads or other suitable points on his 
plane table at about 500 yard intervals. If the 
|ground were inaccessible, i.e., lay behind the 
lenemies’ lines, these intermediate points could 








Fia. 5. 


level of any points on the line is not great compared 
to the height from which the photograph was taken. 
This applied with sufficient accuracy to the un- 
dulating country under consideration. From this 
it follows that, if there is a photograph upon which 
four trignometrical points are shown and a cross 
roads lies upon the intersection of the lines joining 
these four points, then the correct position on the 
map for the cross roads will be at the intersection 
of the corresponding straight lines. 

Also, if there are four points C, D, E F (see 
Fig. 2), on a photograph and their correct position 
on the map be ¢, d, e, f, then any other point X 
on the photograph can be plotted in its correct 
position x on the map as follows. First taking E 
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as origin, place a strip of paper across the photograph, 
lay a straight edge along C E and mark the point C’ 
on the strip of paper where this line cuts it. Mark 
points X’, D’, F’, on the paper in the same way. 
On the map draw the rays ec, ed, ef. Lay the 
strip of paper across these rays and move it about 
until the points C’, D’, F’ lie on their respective 
rays. Then draw in eX’. The correct position 
for z will be on this line. By repeating the process 
with F as origin, another line zf will be obtained 
which fixes the position for x. A check is obtained 
by treating C and D as origins. This process does 
not take long, as any number of points can be fixed 
at the same time, care being taken to mark the 
number or name of the point on each ray as it is 
drawn. 

The first thing to be done in iitlhines @ new 
map is to lay down a compilation diagram, this 
was usually to a scale of 1 : 20,000 (3-168 in. to the 
mile). A grid was drawn with lines at right angles 
1,000 yards apart. The calculated co-ordinates 
of these lines from the origin of the whole series of 
sheets were marked on them. The trignometric 
points were plotted on the diagram from the grid 
lines, and the intermediate points were either 
transferred from the plane table survey or obtained 
from aeroplane photographs as explained above. 
The framework of the map was thus completed. 

Photographs covering the area were next examined 
and the most suitable ones selected, each one having 
on it at least four of the points the position of which 
had been fixed on the compilation diagram. As a 
rule photographs taken from a greater height 
provided they were clear, were better, as they were 
less liable to be much distorted. 

After the whole area had been covered by suitable 
photographs, the negatives of them were obtained 
from the Royal Air Force. Four or more of the 
fixed points were identified on each negative and 
fine lines drawn on the back of it connecting them 
up. A piece of tracing paper was placed over the 
corresponding points on the compilation diagram 
and lines drawn connecting them up. Fig. 3 shows 
a portion of a compilation diagram, reduced to 
about one-third the actual size; the dotted lines 
being the lines which would be drawn on a piece 
of tracing paper joining up the six fixed points. 

Fig. 4 is an aeroplane photograph with lines 
joining up the corresponding six points. If the 
photograph is free from distortion these two figures 
would be similar (the angles of one equal to the 
corresponding angles of the other). In this case 
the scale of the original photograph was approxi- 
mately 1: 20,000 (reduced to 1: 25,000 in the 
engraving), so the two figures were about the 
same size. Each negative was marked up in this 
way, and each provided with a piece of tracing 


paper giving the correct relative position of its |“ 


fixed points. 

The negative was then placed in an enlarging 
camera and the image projected on to a vertical 
board fitted with an adjustable ball and socket 
joint. The piece of tracing paper was pinned to 
the board, which was then moved backwards or 
forwards and tilted one way or the other until the 
projected image of the lines on the negative exactly 
corresponded with the lines drawn on the tracing 
paper. A piece of sensitised paper was then sub- 
stituted for the tracing paper and a print taken. 
Thus a print to the exact scale required and free 
of distortion was obtained. 

It should be noted that if only three points are 
taken and joined to form a triangle, there are six 
different ways in which it is possible to make the 
projected image of the triangle fit the true triangle 
on the tracing paper; and only one of these is 
correct. So it is necessary to have at least four 
points. In practice it is not advisable to use any 
portion near the edge of the photograph, as this is 
liable to have distortion due to the lens of the 
camera. The prints thus obtained were not clear 
enough to trace from, so the roads, &c., were 
inked up in vermilion. This did not take long 
and could be done by comparatively unskilled 
draughtsmen. 

The finished map was drawn on tracing linen, 
the fixed points being first marked on it from 
the compilation diagram and then the features 
traced from the inked up prints of the photographs, 





their correct position being registered by the fixed 
points. The draughtsman had the original aero- 
plane photographs by him to refer to if necessary. 
By tracing direct from the prints, bends of roads, 
windings of streams, shapes of woods, &c., could be 
put in with great accuracy and much more quickly 
than by surveying them from the ground. 

If possible, before the map was printed a field 
revision was carried out. For this purpose a ferro- 
gallic or ordoverax pull was taken of the map, 
cut up into sections and mounted on cardboard. 
Topographers then went quickly over the ground 
noting any omissions or errors in interpreting the 
photographs. For example, it is not always easy 
to see from a photograph whether or not there is a 
fence between two fields. A low embankment or 
cutting 6 ft. high is not easy to spot on a photograph ; 
but it should be shown on the map. 

These doubtful points could usually be settled by 
referring to a large- ecale photograph taken from 
lower down or to an “ oblique” photograph taken 
looking sideways from an aeroplane. Fig. 5 is a 
photograph with a scale—as reduced. in the 
engraving—of about 1: 6,400. The length of the 
shadows clearly indicate which are trees and which 
are hedges ; the winding dark lines are, of course, 
streams, and the white lines roads. 

The Germans printed in the corner of some of their 
photographs two little indicators to show the amount 
of tilt in each direction of the aeroplane at the 
moment the plate was exposed. From this in- 
formation, no doubt, they corrected the distortion 
of the photograph. But we did not make use of any 
such device. There should be a great future for 
mapping from aeroplane photographs in unde- 
veloped countries, especially where the ground is 
not readily accessible. 





A MACHINE FOR THE MEASUREMENT 
OF INTERNAL DIAMETERS. 
By G. A. Tomutnson, B.Sc. (of the National 
Physical Laboratory). 

THE accurate measurement of an _ internal 
diameter, either plain or screwed, has always 
presented greater difficulties than the corresponding 
external measurement. A method of making this 
type of measurement has recently been developed 
at the National Physical Laboratory, Teddington, 
which gives a high order of accuracy, and allows 
the inside diameter to be explored to any extent 
that may be necessary. 

Hitherto the effective diameter of a ring screw 
has commonly been examined between prescribed 
limits by means of very accurate check gauges, 
of which it is essential to have a full form “go” 
check with diameters on the lower limits and a 
not go” effective diameter check made on the 
upper limit of diameter. This method proves 
satisfactory when a large number of specimens of 
the same size have to be dealt with, but when only 
a limited number of screws, perhaps only one, 
have to be examined, the expense and delay in- 
volved in the production of these check gauges 
becomes prohibitive. Further, it is often not enough 
to know that the internal diameter is between two 
limits, and the actual value may be required, 
with some knowledge of the variations occurring. 

The principle of the new method is illustrated in 
Fig. 1. The screw is held with its axis horizontal, 
and the diameter is measured in terms of the length 
of a ball-ended rod LM which is screwed into the 
thread. The diameter of the ball is chosen so that 
it makes contact with the threads at or near the 
centre of the flanks. The length of the rod is such 
that there is a definite amount of clearance relative 
to the diameter of the ring, and it can, therefore, 
be displaced through a certain vertical distance Y 
from one horizontal position LM, in which it is 
in contact with the flanks at each end, to another 
‘such horizontal position L! M! on the opposite side 
of the axis. This vertical displacement is accurately 
measured, and from this result. and the Manne 
length of the rod the effective diameter can be 
obtained. 

The displacement measurement is illustrated 
diagrammatically in Fig. 2. It will be seen that 
the ball-ended rod A is carried by one end of a 
lever B pivoted on two steel balls C, on the face of a 


pile of block gauges D. The further end of the 
lever has attached to it a small bevelled sector of 
brass E, of about 3 in. radius, to which the face of a 
micrometer can be approached to take a reading 
of the height of this end of the lever: Let us assume 
that the rod is in the first place to be in its lower 
position in the screw thread. Then the value of the 
pile of block gauges is so chosen that the whole 
lever is approximately horizontal, and by means 
of a small throw-over weight F the centre of gravity 
of the lever is brought over to the left of the pivot 
centre line, giving a light downward bearing pressure 
to the rod. The reading of the micrometer is then 
observed. The nominal value of the displacement 
of the rod being known, the pile of block gauges 
is now increased by this amount and the weight F 
is thrown over, and the rod allowed to take up its 
upper position in the thread under a light upward 
pressure. A second reading of the micrometer is 
then taken. We have then the vertical displace- 
ment of the fulcrum of the lever, and of the right- 
hand end, from which the upward movement of 
the rod can be readily obtained. The rod, in passing 
from one position to the other in a screwed ring, 
must turn through a small angle in the horizontal 
plane, and the method of pivoting the lever allows 
this movement to occur, the pivot balls sliding 
easily over the highly-finished face of the block 
gauge. 

In the measurement of a plain ring this movement 
does not occur, as the rod is at all times in a plane 
perpendicular to the axis of the hole. This adjust- 
ment is initially made by bringing the balls flush 
with the face of the ring. The micrometer is then 
set centrally over the sector and subsequently it is 
only necessary to place the lever so that the sector 
lies in the centre of the micrometer face, as judged 
by the eye. Any variations in the inclination of 
the rod to the axis-of the ring that are likely to 
occur are too small to affect the result. For 
example, with a micrometer face 0-25 in. in 
diameter, if it is accepted that the sector can be 
placed somewhere within the middle fifth, the largest 
error that can result is two-millionths of the diameter 
to be measured. 

A machine which has been designed for the 
measurement of ring gauges at the Laboratory 
is shown in Fig. 3. The gauge is held on a suitable 
face plate mounted on a spindle which is clamped in 
bearings in a headstock fixed to the base. With 
the clamps released the spindle can be rotated, and 
it has also a sufficient range of axial movement 
to allow the diameter at any part of the gauge to 
be measured. The lever is a light casting in an 
aluminium alloy, with a pointer of hard-rolled light 
alloy riveted to the casting. The casting is bored 
to take one of the various forms of rod holders 
that may be used. The lever is provided with a 
short arm beneath the pointer carrying an adjust- 
able jockey weight, to compensate for the variation 
in weight of the rod and its holder. The throw-over 
weight is made in two equal parts, and in adjusting 
the initial balance of the lever the two parts are 
placed on opposite sides of the fulcrum. 

The micrometer is carried by a bracket which 
simply rests on a faceplate attached to the base 
of the machine. It can thus be moved quickly 
into position over the sector on the end of the lever. 
The bracket also carries a magnifying prism for 
observing the approach of the face of the micro- 
meter to the sector, illumination being obtained 
with a lamp and ground glass screen attached to 
the base. The reading of the micrometer is taken 
just before it actually touches the sector, and 
with a sufficiently small curvature this is found to 
be a very sensitive criterion, and readings can be 
repeated to within + 0-0001 in. 

It will be seen from the above description and 
from the illustration (Fig. 3) that the method may 
be readily used with very little modification, for 
making measurements at the lathe without removing 
the work. For this purpose it is only necessary 
to arrange suitable supports for the lever and the 
micrometer bracket on the face of the lathe bed. 

It is found convenient to use adjustable rods 
made in two parts held in a suitable holder. One 
of these is illustrated in Fig. 4. The gap between 
the two halves is set by means of slip gauges to give 





the required centre distance between the balls. 
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The inner ends of the two sections are made one 
plane and square with the axis, and the other 
spherical. 

The ratio of the lever is 5 to 1, and it will be clear 
from Fig. 1 that there is a further magnification 
of the diametral errors in the displacement of the 
rod. This depends on the length of the rod in 
relation to the diameter of the ring, and it is found 
convenient to have such a length of rod that diameter 
errors are magnified five times. That is to say, 
if the diameter of the ring were 0-001 in. greater 
than its nominal size, then the rod would be dis- 
placed by 0-005 in. more than its nominal movement. 
Thus the error in diameter as observed at the 
micrometer is magnified 25 times, or, assuming the 





micrometer reading can be repeated within 0-0001 




















(2) 


-L2=(E — c? + ¥? = (Sy? — y2 
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Lbs /¢@y= Ve (3) 
Thus from equations (2) and (3) the nominal 
length of rod and the nominal displacement can be 
readily found. If the measured displacement 
differs from the nominal value by 8 y then the error 
in diameter is : 
sE= 2 
E - 





1 
Sby= dy. ° 
5 x Oy 3 y (4) 


An example of diameter measurement is given 








below :— 


























in., the sensitivity of the apparatus is of the order 
0-000,005 in., and experiments have shown that 
comparative measurements can be made with 
certainty to within 0-00001 in. The degree of 
accuracy attainable in the absolute value of the 
diameter is discussed later. 
It will simplify the explanation of the calculations 
involved to consider the case of a plain hole first. 
Let E = Nominal diameter of ring. 
c = Measured diameter of the balls. 
L = Length rod between centres of balls. 
Then the nominal value of the displacement of the 
rod will be given by the equation : 
= (E — cc)? — L2. 
In practice it is found better to work with a definite 
magnification five, and the length of rod and 
nominal displacement are then found as follows :— 


JE-ee-T . (1) 
dy dy 
aE and qk = 


y => 

The magnification can be expressed by 
E-e 

J(E—c®? —L2 


E-c 
y 





= § 
Or 








in. 
Nominal diameter of ring 1-25 
Mean measured diameter of balls ‘di in. ‘j 0-12505 
Nominal length of rod between centres 
Ve —_ = 111240 
Measared length of rod end to end 1- 23735 
Measured length between centres 1-1123 
Nominal displacement of rod = ~—* = 0-2250 
vo 
First micrometer reading R,_ ... == 0°3876 
Block gavges under lever increased by... 0 +2250 
Second micrometer pare sia bs .. == 0°6183 
R,; — Re se m . = 0°2307 
*. Displacement of rod = 0°2250 — 0: 2307 "y 0-220 
= 0°2238,. 
“. dy = —0-001ls, 
andéE=}8y = — 0°0002;. 


.*. diameter of ring in terms of the length of rod 
= 1-2497,. 
And as the length of the rod is 0-0001 in. less 


must be applied to the measured diameter of the 
ring, giving the diameter finally as 1-2496,. 





In the case of a screwed ring the calculation of 


than its nominal size, a correction of this amount | in 


the effective diameter is made in the same way, 
except that the projected length of the rod in a plane 
normal to the axis of the screw is now used in the 
equations. It is obvious that an exact calculation 
is somewhat complicated, as the two positions of the 
rod are not quite symmetrical with respect to the 
diameter of the screw and the projected lengths 
of the rod in the two positions are slightly different. 
This difference arises because the rod, although 
in the same thread in both positions, is slightly 
more inclined to the axis of the screw in one position 
than in the other. By the use of an approximation, 
however, the calculation can be reduced to the same 
simple form as that of a plain ring. 

It is assumed, and it will be shown later, that the 
error involved is generally negligible, that we can 








ree 4 r (E-c +P) 
13198 G.. 
43197 
reed O¢ 06 07 08 O09 10 
(6975.0) Length along Axis 


use in the equation a mean value of the projected 


length 
8 p* 
a/ Le? 7 


L, being the actual length between the ball centres - 
and p the pitch of the thread. 
In the case of a screw the radial distance from the 
axis to the centre of the ball becomes : 
}(E —c +P) 

where E is now the effective diameter and P is 
the “ P value” of the ball, which can be obtained 
from the expressions for the P value of the cylinders 
used for plug screw measurement as given in the 
‘“* Notes on Screw Gauge Measurement” published 
by the National Physical Laboratory.* Equation (1) 
then takes the form : 

pe 

‘) 


y= n/n =e + Pe = (Le - 


and we have: 


(5) 











49 os En th? og 

dt y 
ek eee (6) 

vo 

/ 
a/ tat - 2 (7) 
sE Y gy= 2d 8 
KE —-c +P d 5 (8) 


from which the diameter is derived as in the case 
of a plain ring. 

The approximation we have made involves a 
small error, the magnitude of which will now be 
considered. The determination of the true value 
of y is rather long, and will not be given, but it 
leads to the result that the nominal displacement, 
when the rod has a length given by equation (7) 
is very closely, 

pe 
. ( * Tete a7) 


which y is the approximate value found from 


1 . 





* * Notes on Screw Gauges,” by the Gauge Testing 
Staff of the National Physical Laboratory, obtainable 
from H.M.S.0O., price 2s. 6d., plus postage. 
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equation (6). The value taken for y is thus slightly 
small, and this has the effect of making 8y in 
equation (8) slightly large. Hence we arrive at a 
value of the effective diameter which is slightly 
too large. 

A correction to the diameter can be applied when 
necessary by subtracting one-fifth of the small error 
in the nominal displacement. This correction is 
thus : 

art Si 
5 2n2(h —c + Py 


(10) 





ps Pp 
50 w? (KH —c¢ + P) 
Writing the last expression as, 
p?(E —c + P) 
50 w2(E — c + P)2 
it appears that the correction approximately in- 
oreases as the diameter of the ring and as the square 
of the angle of rake of the thread. 

The magnitude of the correction will be best 
seen by an example, and the case of a 1-in. B.S.W. 
thread may be taken as representing a fairly coarse 
pitch. This, using a rod having balls 0-078 in. 
in diameter, requires the result to be reduced by 
0-00003 in. The approximation is thus very close, 
and the application of the correction is only necessary 
in the case of large screws of coarse pitch, or when 
a high order of accuracy is required. For rapidly 
finding the correction the curves of Fig. 5 can be 
used 


When the measured diameter of the ring, whether 
plain or screwed, is found to differ considerably 
from the nominal value, the magnification is 
obviously slightly different from five. In such 
cases it is better to regard the first result obtained 
as a first approximation to the true diameter, and 
to use this result to obtain a closer value of the 
magnification. Thus, in the example of measure- 
ment already given, if we now suppose the displace- 
ment to be 0-2175 instead of 0-2238,, we have : 


é yr - 0°0075. 
and to a first approximation : 
SE = oes = — 0-0015 


Then to a first approximation the diameter is 
small by 0-0016, allowing a further 0-0001 in., as 
the measured length of the rod is smaller than 
nominal size by this amount. 

Hence more accurately the magnification is : 








E—c _ 1:1110 _ 5.198 
y 0°2175 
and we then get : 
BE am — OOS .. _0-0014. 
5°108 


This correction is rarely necessary in gauge measure- 
ment, as it is exceptional for a gauge to be so much 
in error. 

Although considerable space has been devoted 
to the question of small corrections, it should be 
realised that, in practice, if a measurement within 
0-0001 in. is sufficient, these corrections need rarely 
be applied at all. The method is, however, capable 
of giving higher accuracy if required, and for this 
reason these small corrections have been fully 
treated. 

As an illustration of the degree of accuracy of 
comparative measurements by this method, Fig. 6 
is given. This represents the results of measure- 
ments of a lapped plain ring gauge, exploring the 
variations in diameter along the length. The 
nominal diameter of this ring is 1-3200 in., and 
a plug of diameter 1-31964 in. will just enter about 
half-way from one end without being forced, but 
has to be forced to enter from the other end. It 
will be seen that the measurements of the ring 
closely confirm this. They also show an un- 
expected hollow in the centre of the ring, and a 
bell-mouthed effect at each end produced by 
lapping. The possibility of observing these very 
slight variations in diameter is evidence of the 
sensitivity of the method. 

The accuracy attainable in the absolute value 
of the diameter is naturally rather lower, and is 
largely determined by the accuracy of the measure- 
ment of the length of the rod. This is usually 
measured from end to end in a gap made up of 
standard slip gauges, and the length can be found 





to within + 0-00002 in. A small error may 
arise from the want of roundness of the balls, but 
it is found that the smaller sizes of balls are very 
truly spherical, and a considerable proportion can be 
selected with the diameter uniform to within 
0-00001 in. The method is practically free from 
errors arising from incorrect setting of the ring. 
A tilt about a vertical axis introduces no error at 
all, as the lever sets itself correctly with respect 
to the horizontal diameter. If the vertical diameter 
is not exactly vertical only a cosine error is intro- 
duced into the displacement measurement, and one- 
fifth of this error appears in the diameter finally. 





THE INSTITUTION OF GAS ENGINEERS. 
(Concluded from page 547.) 

We have now to complete our report of the 
proceedings of the annual meeting of the Institution 
of Gas Engineers, held last week under the presi- 
dency of Mr. Thomas Goulden, M.Inst.C.E.. We 
first complete our record of Tuesday's proceedings. 


JOINTING MATERIALS FOR REFRACTORIES. 


The report of the Research Committee on Re- 
fractory Materials, drawn up by Dr. L. Bradshaw 
and Mr. W. Emery, and presented by Mr. A. E. 
Broadberry, M.Inst.C.E., dealt first with the “ Soft- 
ening Point of Mixtures of Fireclay and Silica.” 
That point was lower for mixtures than for either 
constituent, and the addition of silica to clay had a 
more rapid effect than mixing in the converse pro- 
portion. By being mixed with a grog of the same 
material (in the baked condition) the fireclay 
became lower in strength and in binding power and 
more difficult to spread, but some of the mixtures 
shrank less between bricks and set to a hard mass, 
free from cracks and not easily attacked by slag ; 
the addition of sand further reduced the shrinkage, 
but made the material friable. As regards the 
“ Influence of Oxidising and Reducing Atmospheres 
on Refractory Materials and the Behaviour of Clay 
Pyroscopes and Fireclay Bricks in Coal Gas,’’ Rieke 
had observed in 1911 that the rate of heating and the 
atmosphere did affect the performance of Seger 
cones, which stood slow heating in reducing atmo- 
spheres particularly well, owing apparently to the 
volatilisation of boric acid, the formation of higher 
silicates and the crystallisation of ferric oxide. 
The report favoured the opinion that methane was 
decomposed, and a hard graphitic carbon, not a 
soot, was deposited on the cones, Fireclay heated 
in coal gas in an electric furnace also covered itself 
with a protective film of carbon, and it had been 
observed in England as early as 1898 that the cones 
might, under certain conditions, merely represent 
skeleton cones, the core of which had fused out. 
According to Dr. Mellor, the fusibility of the 
mixture was not much affected by the reducing 
atmosphere of coal gas ; the increased refractoriness, 
even if only a surface effect, might be utilised in the 
manufacture of a super-refractory. 

Mr. Broadberry did not wish to enter into these 
speculations, but he desired to ask the manufacturers 
of refractory materials whether they did their duty 
to themselves, their industry and their country in 
withholding full support from the British Refractory 
Research Association. That body had been brought 
into being amid great enthusiasm under the egis 
of the Department of Industrial and Scientific 
Research; the Association undertook to raise 
a minimum of 2,5001. per annum, and the Govern- 
ment undertook to subscribe £ for £ for a period 
of five years. The gas industry subscribed 1501. ; 
the manufacturers, marketers and users had 
altogether contributed 1,700/. in the first year, and 
the Governnent support would almost certainly be 
withdrawn. Mr. Broadberry characterised this as 
a disgrace to a national effort. In the gas industry 
nearly 1,500,000/. were spent annually on repairs 
and renewals of retort settings, and they subscribed 
1501. The committee had sent a strong protest 
to the Association and, though it was not their 
province to suggest how funds could be raised, 
they thought that the expense might be proportioned 
by districting the country or by making a small levy 
on each manufacturer per ton of clay worked. 

Mr. T. Bromley Hardie, deputy-chief engineer 
to the Gas Light and Coke Company, who was in the 
chair and who is succeeding Mr. Goulden in the 





Presidency of the Institution, while pointing out 
that the gas industry was only one of the users of 
refractory materials, in which metallurgists and 
others were more interested, warmly supported the 
appeal stating that the Institution had laid it down 
that those interested in the work should subscribe ; 
but the money had not been forthcoming. Dr. R. 
Lessing, to whom the report, quoting Dr. Mellor, 
had referred, said that he had indeed, in his patent 
of 1911, not claimed to raise the refractoriness of the 
materials, but that object had been in his mind. 
Some retort material of those days had been highly 
porous because it contained a matrix of coarse grog, 
and he had attempted to stop the pores by depositing 
carbon inthem. He had connected up two retorts, 
stopped the ascension pipe of the one and forced the 
crude gas of the other retort into the first retort ; 
the retort became so gastight that no gas would 
escape under a pressure of 24 in. and more. Un- 
fortunately he had not been able to interest fireclay 
manufacturers sufficiently ; but the laboratory 
cylinders of fireclay, which he exhibited, showed 
that the particles were really coated with carbon 
while the pores were filled with a less-firmly bound 
carbon, and he believed that, by sacrificing a little 
of the unpurified gas, retorts might be made more 
gastight in sitw. 

Mr. G. W. Evers, of Stourbridge, speaking next 
as a manufacturer and also as a member of the 
committee, said that the statement in the report 
that a mixture containing 80 per cent. or 81 per 
cent. of silica had the lowest fusing-point might be 
misunderstood. But they had ground down their 
materials exceptionally fine, to 200 mesh, and there 
was further the question of shrinkage. He had 
found, like Dr. Mellor, that whole clay began to 
shrink at 1,000 deg. C. ; as silica was being added, 
shrinkage set in later at 1,150 deg., 1,170 deg., 
1,300 deg., and finally at 1,340 deg., when it was all 
silica. The material with 80 per cent. silica 
practically did not shrink, and the question was : 
Which was the better material, that which would 
not shrink, or that which had some shrinkage and 
alternatively some expansion ? 

STEAMING IN VERTICAL RETORTS. 

In the absence of Sir George Beilby, director of 
H.M. Fuel Research Board, who is abroad, an 
abstract of his paper on ‘‘ Steaming in Vertical 
Retorts”” was given by Dr. J. C. Lander. The 
paper is a report of 57 pages, supplemented by 
many sheets of diagrams:and tables. The intro- 
duction is by Sir George, who gives chief credit for 
the work done in the Fuel Research Section at 
East Greenwich to Engineer-Commander J. Fraser 
Shaw, R.N., to Dr. Thomas Gray and his successor, 
Mr. J. F. King, chief of the laboratories ; to Mr. A. 
Blackie, late of the National Physical Laboratory ; 
and to Mr. J. Skilling and Mr. J. Percival, the car- 
bonising foreman. Steaming coal in vertical retorts 
at about 900 deg. C. was first tried at Oakbank, Mid- 
lothian, for the recovery of ammonia. Reports 
were published in 1883 and 1885; but the gas 
industry was not directly interested, and the later 
introduction of the vertical gas retort had nothing 
to do with ammonia and steaming. It was a ques- 
tion of high-temperature carbonisation, which 
required superior refractories and more steel in the 
settings, making the retort a very costly piece of 
apparatus, which remains decidedly less foolproof, 
as Sir George expressed it, than the horizontal 
settings of earlier years. When the Fuel Research 
Board was established in 1917, Sir George sug- 
gested a resumption of the steaming experiments in 
which he had taken part at Oakbank ; and together 
with Mr. W. H. Burton he selected the Glover-West 
retort, in which, with the aid of horizontal com- 
bustion chambers, the temperature can be well 
controlled from top to bottom. 

There was no time to describe the plant at the 
meeting, but we give a few notes. Four retorts 
were put up in 1919, capable of carbonising 10 tons 
of coal per day. The gas is supplied to the com- 
bustion chambers through a meter; thére are no 
producers built into the setting, and the air is 
supplied under positive pressure. The four 
retorts, 21 ft. by 33 in. by 10 in. are arranged 
in pairs, separate combustion chambers encircling 
each pair, there being seven chambers in each 
vertical tier, together with one air-circulating 
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chamber at the base and two flue-gas chambers 
in parallel at the top of each pair. From the 
chambers the flue gases pass through a superimposed 
special air preheater of Sir George’s design, a 
system of steel pipes of light construction which, 
with flue gases at 1,100 deg. C., hardly turn red. 
The air enters the steel tubes at atmospheric tem- 
perature and leaves at 390 deg. or less. By 
closing the chimney damper the pressure in the 
flues at the top is kept at 1, in., and the same 
pressure is maintained in each combustion chamber. 
The water-gas, of 300 B.Th.U., for heating the 
retorts is supplied from holders at a pressure of 
34 in. In the vertical gas pipe running up the 
side wall of the setting the gas temperature rises 
from 51 deg. to 85 deg. as it flows up. Each com- 
bustion chamber is supplied through a cock, and a 
diaphragm is interposed to ensure uniform supply 
conditions, these conditions being reproduced in 
apparatus so that the amount of gas passing 
through any particular diaphragm can be measured. 
The air for combustion is supplied by a blower at 
0-6 in. The temperature in the combustion 
chamber is 1,250 deg. to 1,300 deg. The steam is 
generated in a small gas-fired boiler close to the foot 
of the retorts, and enters the bottom casting by 
a 2-in. pipe. In the usual working only the steam 
percentage is varied. The heat losses are deter- 
mined by sealing the doors at the base of the retort, 
putting a weighed coal charge in, and measuring 
the heat required for keeping the combustion 
chambers at the carbonising temperature of 1,260 
deg. for 48 hours. There are the usual provisions 
for the collection and purification of the gaseous 
liquid products. The arrangements for measuring 
the combustion products, especially by weight 
balances, are unusually elaborate. 

The object of the research is to collect data 
respecting the suitability of various coals for the 
production of gas, tar, ammonia, coke, oil, smoke- 
less fuel, briquetting and steaming, and the results 
are compared with those of the Uddingston tests 
already mentioned and those which Mr. J. E. 
Blundell, of Macclesfield, and also Mr. John West, 
published in 1917. As regards the types of coal, 
Dr. Lander stated, they were working in conjunction 
also with the Geological Survey. They had already 
tested 18 bulks of coal, using 0, 5, 12, 20, 30 per 
cent. of steam by weight of the coal carbonised. 
The chief coals tested came from Durham, York- 
shire and Lanarkshire. It had been known that 
steaming could give more gas of 400 B.Th.U. and 
450 B.Th.U. They knew now that it also gave 
more tar and ammonia, at a small sacrifice in the 
quantity and perhaps the quality of the coke. The 
greatly increased turnover per retort more than 
compensated for the skilled labour required. With 
about 20 per cent. of steam, which seemed to be 
the economical limit, Mitchell Main (Yorkshire) 
coal had given 104 therms of gas, equivalent to a 
total conversion of 33 per cent. of the total potential 
heat of the coal with gas of 460 B.Th.U.; the 
yield per ton of coal was 33 therms of gas, 34 lb. 
of tar, 6 lb. of ammonium sulphate—all these 
figures being increased yields due to steaming. 
The gas calorific value without steam was 544 
B.Th.U., with steam 460 B.Th.U. The other 
coals gave less favourable results, except that 
Lanarkshire coal yielded more tar (40 lb.); the 
Consett coal seemed little suitable for steaming. 
Most of the figures were higher than those obtained 
by the other experimenters. 

A lively discussion, very much to the point, 
followed. Mr. Goulden drew attention to the 
report and especially to the increase in therms. 
Mr. Thomas Glover, Norwich, said that the through- 
put per retort per day, 24 tons, much exceeded that 
of horizontal retorts, 25 cwt. to 28 cwt. It was very 
curious that 5 per cent of steam gave 85 therms 
against 71 without steam. Perhaps one might 
question the 10-46 therms supplied to the setting ; 
ene would expect the fuel consumption to go up 
as the gas output went up. But the reactions were 
not fully understood; moreover, the excess gas 
was not all water gas, and there was some dis- 
tillation in the upper part of the retort by the steam 
and the gas carried upward, though the coal under- 
went its first distillation in the upper part; that 
showed that steaming was economical. The 





ammonia determination was no doubt a very delicate 
task ; but Yorkshire coal had at Greenwich given 
only 16 lb. of ammonia with 5 per cent. of steam, 
and 22 lb. (nearly) with 12-4 per cent. of steam. 
The results did not come up to experience; greater 
gains had been expected, and if better results had 
been realised with Lanarkshire coal (39 lb. of 
ammonia with steam, 32-6 lb. without), why not 
with Yorkshire coal? Mr. G. Helps, of Nuneaton, 
regretted the absence of any information as to 
commercial values of the research. 

Mr. Thomas Hardie pointed out that the reports 
had at the outset emphasised the need of dealing 
with many different types of coal; that looked as 
if the selection of coal was more important for the 
continuous vertical retort than for the horizontal 
retort, but the tests only showed variations that 
might be expected also with horizontal retorts. 
With respect to the Consett coal he showed in detail 
that the loss of coke was really least in that case, 
and Consett coal, therefore, would not be unsuitable 
for steaming. The sticking of the coke in the 
steamed retorts, mentioned in the report, should not 
cause trouble if the temperature were maintained, 
and the frothing of the tar was not necessarily due 
to the steaming, as they were told. But he was 
surprised that the high throughput had been possible 
with steaming. 

Speaking next, Professor Cobb particularly wel- 
comed the fact that the Greenwich experiments 
were to a large extent comparable to his own; 
but he regretted the absence of chemical balance 
sheets; practical men were anxious to know the 
effects of steaming on the sulphur and nitrogen in 
their particular coal. In ordinary practice steam 
would visibly escape; the Fuel Board prevented 
that heat loss by packing the bottom of the retort, 
and hence they had hardly any condensation in the 
coke chamber; this and the preheating were not 
technical conditions, however. Dr. Parker carried 
these criticisms further. The 20 per cent. steam 
limit agreed with their own; but they wanted 
information concerning the effects of steaming in 
sulphuretted hydrogen, hydrocyanic acid and 
naphthalene; weight balances might entirely 
differ from chemical and thermal balances. 

Commander Shaw, replying to the discussion, 
said that they had themselves been surprised to 
find that less heat had been required for the carbon- 
isation when steam was admitted; and they 
discussed this point, and the probable influence of 
the incandescent coke on the carbonisation in their 
report. Commercial values could not be fixed ; 
the graphs gave some information, but he agreed 
with Mr. Hardie that the graphs would have been 
more lucid in general if they had been marked in 
different colours; the Stationery Office would not 
do that. He also agreed that the behaviour of 
the Yorkshire coal which gave more trouble by 
sticking in the retorts than other coal, had surprised 
him; the trouble was not serious, however, and 
would have been avoided if they could have altered 
the working conditions. Mr. J. F. King, also re- 
plying, pointed out that their thermal balances 
had involved measurements every 3 hours and had 
been more complete than Dr. Parker had assumed. 


CARBONISATION IN HorizonTaL ReErToRTs. 


The discourse on “ Carbonisation in Horizontal 
Retorts,” which Mr. Geoffrey M. Gill, chief engineer 
to the South Metropolitan Gas Company, illustrated 
by many slides, was delivered towards the close 
of the meeting on Tuesday, 11th inst., and was 
discussed on the following day. 

The author’s object was to show how, with the 
existing plant, gas of the highest quality could be 
made with a maximum yield of therms and the 
minimum amount of work by keeping plant and 
tools in the best order. The company, Mr. Gill ex- 
plained, had introduced a system of inspection 
which for the 2,900 retorts at Greenwich took the 
whole time of six inspectors for six weeks ; forty-two 
points were determined and from these the per- 
formance of each retort was estimated ; the records, 
circles in red and black, by indicating the amount of 
red (or black) how much each retort was above 
(or below) standard, were posted up in each retort 
house. This inspection, which cost 4d. per ton of 
coal, enabled them to make repairs in time. These 





periodical inspections since July, 1919, showed that 
of each 1001. spent in working a retort house, 681. 
were, on average, wanted for coal, 131. for the coke 
in the furnaces, 91. for upkeep, 61. for wages and 41. 
for power, &. The feed openings of the producers 
were now closed by cast-iron frames provided with 
a sand seal; the grate area was enlarged from 
1-35 sq. ft. or 1-5 sq. ft. to 3-5 sq. ft. per 20-ft. 
retort by building two step-grates (instead of one) 
into the bottom of the producer. As these “ basket 
grates” had been introduced, the coke made had 
increased and the coke fuel had diminished, mainly 
because less breeze fell into the pan. The hottest 
zone above the grate was at 1,200 deg. C.; in the 
combustion chamber the temperature was 1,280 
deg. to 1,325 deg. C. 

Each oval retort, 21 in. by 15 in., 20 ft. in length, 
consisted of three pipes, joined with their square 
ends. The material contained 77-42 per cent. of 
silica and 19-66 per cent. of alumina. The average 
life had by 1919 and 1920 risen to 2,007 days and 
1,948 days (from 1,245 days in 1912), and the coal 
carbonised to, 2,288 tons and 2,281 tons, while the 
average life of 2,000 German retorts, of which 250 
remained in use, had been 1,873 days. Each setting 
comprised twice five retorts, arranged in two vertical 
tiers, and the method and material of the setting 
seemed, from Mr. Gill’s remarks, to be more im- 
portant even than the retort material. Between 
the two tiers and the retorts a non-contracting and 
non-expanding material with up to 92 per cent. of 
silica was used, in the parting walls up to 95 per 
cent. of silica. Insisting upon the need of better 
materials, Mr. Gill stated that they had made the 
cross walls from the stage level upward of unburnt 
clay and grog, mixed in such proportions that 
slight expansion took place during burning. So 
far that had answered, whilst formerly shri 
had taken place between the bricks and round the 
retorts (up to } in.), leading to failures of the set- 
tings. The retort mouthpiece was bolted to an 
iron socket placed over the end of a retort and built 
into the front wall. The mouthpieces and the lids 
were faced by machinery. The average charge 
for a retort had been increased to about two-thirds 
of the retort space. 

As the charges actually delivered by the Arrol- 
Foulis and the G. West’s scoop machines did 
fluctuate, the coal drum feeding these machines had 
been redesigned. The new drum had only three 
(not nine) radial partitions, and two aro openings, 
each of 60 deg. A single-roll coal breaker had also 
been adopted. The new steel augers used for 
clearing any 5} in. pipes clogged with tar had a 
diameter of 54 in. and an open centre. When worn 
down to 4} in. they were enlarged again by a 
smith, the open centre facilitating the work. New 
stoker tools had been devised, and the Hunter- 
Barnett pusher machines were provided with levers 
which automatically lifted the producer door. 
The machinery worked on both sides of the setting 
(not on one side only). Combustion chamber tem- 
peratures were controlled by wedge pyrometers of 
the Wedge Optical Instrument Syndicate. At 
1,270 deg. C. a charge of 104 cwt. could be car- 
bonised in 12 hours, at 1,310 deg. C. in 10 hours, 
at 1,400 deg. in 8 hours. The dip pipes in the 
hydraulic mains remained since 1916 unsealed 
during gas-making, being sealed only when gas 
making was stopped, on Sundays or at other times ; 
in the unsealed condition the liquor level was } in. 
below the end of the dip pipe. The system 
avoided the pressure and vacuum oscillations, and 
had given satisfaction, though it required splitting 
up the retort house into units of four or five settings 
to secure full advantage of the arrangement. 

The discussion was again most animated, but it 
was switched at once into a side track, though cer- 
tainly an important one. Everybody was grateful 
for the valuable detailed information given. 
Mr. G. Helps (Nuneaton), who spoke first, called the 
paper classic and admitted that very few of them 
would be able to claim anything like Mr. Gill’s 
results. But Mr. Gill was all wrong in insisting 
upon gas of the highest quality. At the burner’s 
mouth we had 15 per cent. of combustibles and 
85 per cent. of air. Why should they send out 
rich gas? He was sending out gas of 250 B.Th.U. 
He had started at 350 units, not telling his directors, 
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and had indeed put “filthy stuff” into the mains. 
But he called a gas nasty when it was improperly 
used. By reducing the calories they could give 
the customer three times as much gas as before for 
the same money. Pressed about his price, he said 
he charged 3s. 5d. a thousand of 250 B.Th.U. gas. 

Mr. 8. B. Langlands (Glasgow) dissented strongly 
and deprecated a revolutionary cutting down of 
the calorific value. ‘The mains, moreover, would 
not allow of a distribution of three times as much 
gas. Mr. W. H. Warren, of Beckton, doubted 
some of Mr. Gill’s gains. Small retorts meant 
many retorts. Their brickwork at Beckton covered 
60 per cent. of the setting front., Mr. Gill’s 41 per 
cent. Yet they did as much work at a temperature 
lower by 100 deg., measuring the temperatures of the 
combustion chambers by Féry pyrometers. They 
had converted the West scoop machines into de 
Brouwer machines. The academic perfection might 
be very costly. 

Mr. W. M. Carr (Ormskirk) criticised Mr. Helps, 
whom Mr. Harvey Jones rather supported as 
original and bold, sitting on the fence, however, 
as Mr. Gill put it afterwards. The Carpenter 
burner, Mr. Jones remarked, had been the bridge 
between the illuminating value and the thermal 
value. Mr. Wesley Whimster (Bath) agreed with 
Mr. Gill as to the importance of the producer, 
frequently ‘“‘ bunged,”’ for horizontals, but shared 
Mr. Warren’s doubts as to the apportioning of the 
cost. Mr. P. 8. Hoyte (Plymouth) thought that 
Mr. Helps might have given them some definite 
cost figures; had he considered re-canalising and 
remetering the whole system? Mr. J. G. Tooms, 
of Christiania, inquired about the use of breeze, 
successful on the Continent, in producers. 

Mr. Gill replied at length, meeting many criticisms, 
while emphasising that his paper had not been on 
quality of gas. The 131. on coke in his balance 
was the coke burnt in the furnace, the difference 
between the coke made and the coke sold. We can- 
not go further into particulars here. Mr. Goulden, 
thanking Mr. Gill, said that the cost of reconstructing 
a large retort house, as they were doing at Green- 
wich, on the lines Mr. Gill had described, must be 
staggering. Horizontal retorts were evidently 
going to last for some time yet. All distribution 
systems had been laid down for either 14-candle or 
16-candle gas; 450 B.Th.U. and 500 B.Th.U. 
had answered. To drop down suddenly to a lower 
calorific value would involve them in endless 
difficulties. 


LIBERATION OF NITROGEN FROM COAL AND COKE. 


The next item taken was the Report of the 
Institution Gas Research Fellowship on ‘ The 
Liberation of Nitrogen from Coal and Coke as 
Ammonia,” by Mr. A. C. Monkhouse, B.Sc., and 
Professor J. W. Cobb, C.B.E., B.Sc., which was first 
introduced by the latter and afterwards more fully 
explained by Mr. Monkhouse. It has been found 
that a certain amount of ammonia comes away 
from the coal by the mere application of heat in an 
inert atmosphere, but it is possible to obtain more 
ammonia if the atmosphere is changed to one which 
assists the process. The work described in the 
report has been directed towards the further 
elucidation of this phenomenon using nitrogen as 
inert, and hydrogen and steam as potentially active 
agents. The method used was to take Yorkshire 
bituminous coal, coke it at three definite tempera- 
tures—500 deg., 800 deg. and 1,100 deg. C.—so 
preparing soft, medium and hard cokes, and after- 
wards to examine the action of nitrogen on the 
three cokes at three different temperatures, viz., 
600 deg., 800 deg. and 1,000 deg. C. Similar 
experiments were made, using! hydrogen instead of 
nitrogen, and a comparison with steam followed. 
The report describes the method of preparation of 
the cokes, the method of analysis, the apparatus 
employed, and gives the results of the experiments. 
With the 500-deg. coke using nitrogen, the per- 
centage of nitrogen recovered as ammonia was 9-2 
calculated on the original coal, but the proportion 
recovered with hydrogen was 26-8 per cent. The 
corresponding figures with 800-deg. coke were 
0-2 per cent. and 2 per cent. with nitrogen and 
hydrogen, respectively, while with 1,100-deg. coke, 
using steam and hydrogen, the nitrogen liberated 


as ammonia amounted to 5-7 per cent. ; the latter 
figure was, however, calculated on the nitrogen 
contents of the coke. The results obtained using 
nitrogen, hydrogen and steam in succession are 
also given, and in one experiment with 500-deg. C. 
coke, using nitrogen and steam only at 800 deg. C., 
the whole of the nitrogen in the original coal was 
removed, 21-6 per cent. being driven off during 
coking, 63 per cent. being obtained from the coke 
as ammonia, and the remaining 15-4 per cent. being 
unaccounted for (free nitrogen). 

In moving the adoption of the report, the chair- 
man remarked that it was the duty of gas engineers 
to obtain the maximum quantity of useful products 
from each ton of coal without concerning themselves 
too much with market values ; the latter, he added, 
might be left to settle themselves. Discussion was 
then invited, and Dr. R. Lessing asked that the 
composition of the ash in the coal should be given 
in the report as the catalytic action of some of the 
inorganic constituents would affect the results. 
Mr. W. W. Townsend, who followed, pointed out 
that the time element, which was of little conse- 
quence in laboratory experiments, was of the 
utmost importance in works practice. He asked if 
the authors could say what time would be required 
for carrying out the reaction on an ordinary working 
scale. The speaker also pointed out that, if the 
ammonia yield were increased, more sulphuretted 
hydrogen would be produced, and he asked to what 
extent this would offset the advantages of the 
process. 

No other members wishing to speak, the chairman 
called on the authors to reply, and, in doing so, 
Professor Cobb agreed that Dr. Lessing’s point was 
a good one, and said the composition of the ash 
would be added to the report before it was printed 
in the Transactions. To Mr. Townsend he replied 
that the time of contact of the gas with the coke 
had been calculated and was given in the report, 
and this would allow the conditions to be compared 
with works practice. He added that some of the 
experiments had been continued longer than would 
be possible under working conditions, in order to 
see if the process could be carried to completion, 
but the reaction had been found to stop definitely 
after a certain period. In the report an attempt 
had been made to show what results would have been 
obtained in ordinary working periods, and figures 
were given for contact periods of 6 hours, 12 hours, 
24 hours and 48 hours. It was quite true that 
more sulphuretted hydrogen was obtained when 
the yield of ammonia was increased, but the speaker 
thought the time would come when the sulphur in 
the coal would be used as the source of sulphur 
in ammonium sulphate. 

The chairman then put to the meeting the pro- 
posal for the adoption of the report, which was 
seconded by Mr. 8. Glover, and carried. 


Tar DrsTinLaTION AND SULPHATE OF AMMONIA 
MANUFACTURE. 


Following this, a communication prepared by 
the Society of British Gas Industries was read by 
Alderman F. J. West. The nature of this com- 
munication renders an abstract of it of little or no 
use, since it consists of a collection of descriptions 
of plants for the distillation of tar and the manu- 
facture of sulphate of ammonia illustrated by 
general arrangement and sectional drawings repro- 
duced on plates. The tar distillation plants dealt 
with are by the Chemical Engineering and Wilton’s 
Patent Furnace Company, Limited, Messrs. R. 
and J. Dempster, Limited, Messrs. W. C. Holmes 
and Co., Limited, (who make the Hird plant), and 
Messrs. C. and W. Walker, Limited ; the sulphate 
of ammonia plants are also by the same four firms. 

In inviting discussion on the paper, the chairman 
explained that it formed a corollary to a similar 
communication dealing with carbonising plant 
presented to the Institution a year ago. There 
was, however, a distinct hiatus between carbonising 
plant and the plant dealt with in the present paper, 
and he hoped that similar communications covering 
the intervening ground would be presented. 

The first speaker in the discussion, Mr. 8. A. 
Wikner, said the continuous distillation process 
always appealed to scientists and certainly had the 





advantage of being quite safe. There had been 





some, but not many, explosions with pot stills, but 
there had been innumerable fires as well as accidents 
in connection with cleaning operations. When 
financial points were considered alone, however, the 
continuous process would not bear comparison with 
the up-to-date type of double-pot still. With the 
latter it was possible to deal with 120 tons a day 
with only one attendant, as compared with the 
figure of 40 tons a day given in the paper for the 
Wilson still. An outstanding feature of con- 
tinuous stills, however, was that they were easily 
repaired. Repairs to the Hird plant were certainly 
expensive, but they could be carried out easily in a 
few days. With regard to fuel consumption, the 
speaker thought the best results must necessarily 
be obtained when the fire was put directly under the 
tar, as in the pot still, the waste heat from the fire 
of the primary still being utilised in the secondary 
still. It was difficult to get information on this 
point for continuous stills, but he had found it 
n to use an expensive form of fuel with 
these in order to get satisfactory results. The 
Hird plant, he said, was difficult to fire with solid 
fuel, though it could be done.. Some works employed 
coal gas for tar distillation, and this the speaker 
regarded as a wasteful process. Breeze, he added, 
could be burnt under tar stills, and this should be 
done wherever possible. In conclusion, the speaker 
questioned to what extent it was desirable for small 
and medium-sized works to distill their own tar, 
and expressed the opinion that the work might be 
done better in one large centre. 

The only other speaker in the discussion was 
Mr. J. P. Leather, who referred to the output of 
120 tons a day mentioned by the previous speaker 
and remarked that, in his own works, this quantity 
of tar was not available. A man had to be employed 
in any case, and he could quite well attend to a 
continuous plant. At his works they employed the 
Hird type of plant and found it very easy to 
operate. It took up but little room, was easily 
watched and temperatures could be recorded and 
kept correct. With regard to fuel consumption, 
the speaker said the plant illustrated in the paper 
was not the most economical. He had first found 
the temperature of the waste gases very high, and 
as he was using town gas for heating, it was necessary 
to effect an improvement. Extra flues had there- 
fore been put round the stills, and this had given 
greatly increased economy, although the gas con- 
sumption was still greater than had been anticipated ; 
it had, however, since been reduced very con- 
siderably. Better combustion had been obtained 
by putting fireclay baffles in the heating tubes, 
without which some gas had been found to pass 
through unburnt. In conclusion, he remarked that 
the arrangement adopted certainly required less 
labour then would have been necessary if a gas 
producer employing breeze had been used. 

In closing the discussion the chairman remarked 
that the communication was difficult to discuss, 
being more in the nature of a book of reference than 
an ordinary paper. The remarks made had, 
however, been of a very practical character, and he 
had no doubt that attention would be given to 
them by the manufacturers of the plant. The 
meeting then adjourned. 


INTERNATIONAL COMMISSION ON ILLUMINATION. 


On resuming in the afternoon, the first item taken 
was a report of the proceedings of the International 
Commission on Illumination, at meetings held 
in Paris in July last, by Mr. Robert Watson, 
the Institution’s delegate at the meetings. Mr. 
Watson said the report was not intended to give 
rise to debate, but to give an account of the pro- 
ceedings in Paris. In the gap which had occurred 
during the war, gas engineers had lost touch with 
illumination problems, but lighting was still a 
valuable load to gas companies, and it was highly 
desirable that attention should be given to the work 
of the International Commission. He then gave 
the gist of the report, which dealt with international 
light standards, definitions being given of luminous 
flux, illumination and luminous intensity. Papers 
relating to heterochromatic and physical photo- 
metry presented at the Paris meeting were briefly 
explained, and others dealing with the lighting of 
factories and schools were similarly treated. Refer- 
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ence was soon made in the a to the aan of 
automobile lighting, although this is, of course, 
of little direct interest to gas engineers; the con- 
stitution of national committees on technical 
subjects was also mentioned. 

After complimenting the author on his report, 
the chairman remarked, in moving its adoption, 
that the interest of gas engineers in matters con- 
nected with illumination must not be diminished 
by the alteration from the illuminating standard to 
the calorific standard for the sale of gas. If the use 
of gas for lighting could be extended, the measure- 
ment of illumination would be of no less im ce 
than it was formerly. He added that the matter 
of factory and works lighting must be studied 
by gas engineers, and mentioned that the Home 
Office report on this subject was under careful 
consideration by the Institution. Before putting 
the report to the meeting for adoption, the chairman 
invited discussion, and Mr. Langford remarked that 
the next conference of the International Com- 
mission on Illumination would be in America, and 
also expressed the hope that Mr. Watson would be 
chosen to represent the Institution there. 

Mr. A. Phillips, who represented the American 
Gas Association, being invited by the chairman to 
speak on the report, said that, in the United States, 
the problem of illumination in the gas industry was 
less acute than it was here. He thought the pro- 
portion of open-flame burners used in the United 
States was greater than in England, but electricity 
had displaced gas for lighting to a greater extent 
in the former. Street lighting in the United States, 
he said, was almost entirely electric, and he had 
been surprised to see the splendid illumination 
obtained in this country by means of gas. 

Mr. J. P. Leather then seconded the report, 
which was put to the meeting and adopted 
unanimously. 

Lire or Gas METERS. 


The report of the Committee on the Life of 
Gas Meters was then presented by Mr. B. R. Parkin- 
son, who briefly described the various sections, 
the first of which related to the investigations into 
the chemical and physical causes of internal corro- 
sion. The constituents considered were hydro- 
cyanic acid, salts of ammenia and carbon bisulphide, 
oxygen, carbon dioxide and sulphur dioxide, all of 
which are harmful in the presence of moisture. 
Correspondence, it is stated, has been carried on 
with engineers who have found corrosion deposits 
in mains, services and meters, and laboratory 
experiments have been continued. In these experi- 
ments the conditions of corrosion have been repro- 
duced and attempts made to find a remedy, as well 
as methods of prevention. With regard to hydro- 
cyanic acid, a method of eliminating this which has 
given excellent results in the laboratory has been 
tried. Another section of the report deals with the 
lubrication of meters by spraying and the effect on 
meters of introducing oil vapour into the mains. 
A comparison of notes with a similar committee 
of the American Gas Association is made, and a 
reference given to the committee’s work in con- 
nection with the amendment of the Sales of Gas Act. 
The principal provision in this is for the testing of 
meters at 2 in. initial pressure, with a differential of 
five-tenths, in place of the } in. initial pressure pre- 
scribed by the Act of 1859. The final section of the 
report relates to the standardisation of dry meters 
and their revised denomination. The old-fashioned 
method of distinguishing meters by the number of 
lights supplied is dropped, and although size 
numbers are employed for convenience, the meters 
will be rated in cubic feet passed per hour. A list 
of 12 standard sizes giving the capacity per hour, 
capacity per revolution, revolutions per hour, and 
sizes of pipe connections, is included. We have 
already dealt with the report on page 342 ante, to 
which we must refer our readers for further 
particulars. 

The first speaker on the report was Mr. A. Ww. 
Glover, who stated that he regarded the inclusion 
in the report of the conclusions of the American 
Committee as a very useful feature. He also 
mentioned that the records of one large undertaking 
showed that meters should be changed after seven 
years’ use, in order to protect the company from loss. 
He added that different gases had different effects 








In conclusion, he said that 
the location of meters so as to avoid extreme 
variations of temperature, although a very elemen- 
tary consideration, was certainly worth reiterating. 

Mr. D. T. Livesey, who followed, asked if there 
was any objection to the connections of meters 
being made with ordinary gas threads. The next 
speaker, Mr. H. Kendrick, said the present report 
was of omnibus dimensions, and required very close 
study, but he thought its lack of suggestions as to 
wet meters was a serious defect. He ex the 
view that the lower quality of gas supplied was 
largely instrumental in the destruction of both wet 
and dry meters. Sulphur dioxide, he said, caused 
much trouble when the protective paint was re- 
moved, and he referred to a meter used in Lanca- 
shire since 1916, in which the interior drum had 
béen found completeiy covered with a brown 
crystalline deposit. Of this deposit, 80 per cent. 
was mixed ferric oxide and ferric cyanide. The 
destructive effect was generally regarded as 
chemical, but the speaker thought it was probably 
electrolytic. All the elements necessary for electro- 
lytic action, he said, were present in a wet meter. 
He had found cast-iron drum cases dissolved, and 
many drums were coated with brown crystalline 
deposit. Chemical action alone, he thought, could 
not be responsible for this, as the coating was too 
uniform. The meters attacked, he found, had 
generally been supplied since 1912, and this, he 
thought, was due to the fact that the pig-iron from 
which the castings were made had deteriorated 
in quality. In conclusion, he referred to an enamel 
now on the market. which was said to be practically 
indestructible and was being tried for protective 
purposes. 

The discussion was continued by Mr. Thomas 
Glover, who remarked that he was glad to find the 
Committee’s researches covered an extended field, 
including the corrosion of plant, mains and services. 
They had shown that troubles experienced due to 
certain components of the gas, notably sulphur and 
cyanogen, had more far-reaching effects than was 
anticipated. The researches by Mr. Taplay and 
his latest suggestion for the removal of cyanogen, 
the speaker thought, were likely to be by no means 
the least beneficial feature of the inquiry. The gas 
meter, he pointed out, was the instrument on which 
the industry depended for its revenue, and was 
therefore worthy of more attention than it had 
received in the past. The matter of spraying, he 
continued, had been referred to in the two previous 
reports and was originally introduced for the 
purpose of softening the leather and cleaning the 
valves; it certainly had that effect. He rather 
doubted, however, whether the spraying of new 
meters was beneficial, and thought that excessive 
spraying with light oils might affect the packing 
material in the stuffing-boxes. If spraying were 
done, he thought heavier oils than those used at 
present ‘might be tried. 

The only other speaker, Mr. J. P. Leather, 
referred to the matter of the amendment of the 
Sales of Gas Act, and pointed out that the original 
Act had to be adopted by the justices, or local 
authorities, within a certain time. If they had not 
done so, it could not be adopted now. He thought 
this was peculiar. 

The chairman then put the report to the meeting, 
and it was adopted unanimously. After this had 
been done, Mr. P.'S. Hoyt rose to refer to the process 
of removing hydrocyanic acid from gas, expressing 
the hope that particulars of it would be published 
in the technical press at the earliest possible moment. 
Its importance to the industry, he said, was such 
that it was undesirable to wait for the committee’s 
next annual report. The chairman replied that he 
thought he could promise that this would be done, 
and he added that experiments on a commercial 
scale were then in progress in his own works. The 
chairman then read a telegram from the president 
of the Société Technique de |’Industrie du Gaz en 
France, sending wishes for the success of the meeting 
and expressing regret for his inability to be present. 
This was received with applause. 

Tue ExTernat Corrosion OF Mtns AND SERVICES. 

The last paper taken was one by Mr. J. G. Taplay 
having the title given above. This communication 
first dealt with the corrosion of iron services in acid 
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ground, and described the investigations made of 
the corrosion of a high-pressure steel service situated 
in Shaftesbury-avenue, London. The pipe, which 
was wrapped in hessian and bitumen, was buried 
in made ground, which was found to contain acetate 
of iron and dextro glucose. Bacteriological ex- 
amination of the ground proved that the corrosion 
was due to the presence of the bacterium producing 
acetic-acid fermentation. The corrosion of iron 
services in alkaline ground, and also in wall plaster 
was investigated, the corrosive agent in each case 
being found to be calcium bi-carbonate. 

The only speaker in the discussion which followed 
the reading of the paper, was Mr. J. P. Leather, 
who said it contained a reference to pipes laid in 
clay soil becoming softened to such an extent that 
they could be cut with a knife. The speaker said 
he had observed this corrosion for forty years, but 
had usually found ashes in the ground in such cases. 
Cast-iron pipes, he said, had been found in which 


purely | the iron had been entirely dissolved out leaving only 


the carbon behind. For this to happen, however, 


the thought there must be something exceptional 


about the pipe, and that a clay soil alone would not 
be sufficient to account for the action. 

The author, who was then asked to reply, said 
the phenomenon referred to by Mr. Leather had 
come within his experience at Beckton in the case 
of some fairly new pipes. They were, however, 
laid in made-up ground, largely filled in with 
clinker, and’ were also subjected to the action of 
brackish water. Service pipes had been found to 
consist of graphite only, all the iron having dis- 
appeared, but the corrosive agent was certainly 
something other than the clay soil. The iatter, 
however, often held a lot of water, and calcium bi- 
carbonate in such a soil would do the damage 
mentioned, even without the presence of brackish 
water. 

Invited by the chairman to give some particulars 
of the method referred to for absorbing cyanogen, 
Mr. Tapley explained that the Gas Light and Coke 
Company began experiments on a small scale, 
using a small tower scrubber passing about 20 cub. 
ft. a day, which was found to be capable of absorbing 
80 times as much hydrocyanic acid as was present 
in normal coal gas. Consequently a larger plant 
which could pass from 3,000 cub. ft. to 5,000 cub. ft. 
a day had been put up at the works, and with this 
they had succeeded in removing the whole of the 
acid. Ordinary chalk, obtained from Grays, in 
Essex, was used in the scrubbers, and he con- 
sidered the result particularly satisfactory in 
view of the fact that it had been said that the 
removal of this constituent did not pay. Mr. J. P. 
Leather here inquired in what part of the system 
the scrubber was situated, and Mr. Tapley replied 
that it was placed on the crude side, all the gas being 
passed through the chalk purifier. It was proposed 
to wash down the scrubber occasionally so as to 
present a fresh surface of the chalk to the action 
of the gas. 

The remaining business of the meeting was of a 
formal nature, the first item being the selection of a 
locality for next year’s meeting. The chairman 
proposed that this should be held in London since 
the Institution had to receive delegates from French 
Institutions. The proposition was duly seconded, 
put to the meeting and carried. A vote of thanks to 
the president, Mr. Thomas Goulden, for his work 
during the year, was also passed, and similar expres- 
sions of thanks were made to the officers of the 
Institution, the Research Committees, auditors and 
scrutineers. Mr. Thomas Settle was elected an 
honorary member, as also were the presidents of 
the French, Italian and American Gas Associations. 
The chairman mentioned that Mr. J. Bond had 
resigned from the National Illumination Committee, 
and the election of Mr. J. G. Clark in his place was 
duly confirmed. He also stated that Sir Dugald 
Clerk had offered to assist in, and to bear the ex- 
pense of, collating papers and information comparing 
gas and electricity for lighting and power, the 
information to be printed in a brochure and dis- 
tributed to the members. He was sure the members 
would empower him to accept this offer with thanks. 
He apologised for the fact that no answer had been 
previously given to Mr. Livesey’s question relating 
to meter connections, and stated that he had no 
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doubt that makers would arrange these for iron 
pipes if desired. In conclusion, he remarked that as 
it had been found necessary to close some of the 
discussions rather cursorily, any written com- 
munications which members liked to send would be 
welcomed and would be recorded,in the Transactions. 
The meeting then terminated. 


Tse Sours Merrorotitran Gas Company. 


More than 300 members took part in the excursion 
to East Greenwich where the works of the South 
Metropolitan Gas Company were first visited. 
The company was founded in 1829; its success is 
largely associated with its three successive chief 
officers, Mr. Thomas Livesey, his son Sir George 
Livesey, and Dr. Charles Carpenter, president of the 
company since 1908, and with their co-partnership 
policy adopted since 1898. The company does not 
spell “copartner’ with a hyphen. The working 
men have 36 representatives on the general board, 
to meet an equal number of officials, and they elect 
three of the directors. The company own six 
works, namely, at East Greenwich, Bankside, West 
Greenwich, Old Kent-road, Rotherhithe and Vaux- 
hall. Of these the East Greenwich works are the 
largest. Of the coal used 60 per cent. (chiefly 
Durham) is brought up the Thames in ships of 
the company. 

The East Greenwich works have five retort houses, 
one of these being a small one of 12 settings, the 
others containing 45 settings of ten retorts each, 
the buildings being 485 ft. long and 71 ft. wide. 
The aggregate daily capacity is 165,000 therms. 
Farey compound engines. draw the gas into the 
Livesey washers and scrubber and pass it to the 
purifiers, the sulphur extractors, back to the 
secondary boxes to remove the _ sulphuretted 
hydrogen, to rotary washers, in which anthracene oil 
absorbs the naphthalene, to the station meters, sunk 
in large concrete tanks underground, and finally 
into the 1,500 miles of mains, from 3 in. up to 48 in. 
in diameter. 

The gas is deprived of its carbon disulphide by 
being passed at 450 deg. C. over glowing balls of fire- 
clay, previously impregnated with nickel chloride and. 
then heated to reduce the nickel; the carbon of the 
OS, is deposited on the nickel as a soot, the sulphur 
escapes as H,S and is removed in purifiers. This 
process of Dr. Carpenter and Mr. Evans was worked 
out before the war, but the installation had to be 
postponed. 

The gas entering the Beasley calorimeters comes 
direct from the retort houses, but passes first through 
miniature purifiers. Of the 400,000 consumers’ 
meters (290,000 for the penny or the shilling slot) 





395,000 are now of the dry type. The meter repair 
department, as well as the central chemical and 
physical laboratories, are in the Old Kent-road ; 
the chemical manufacture of acids, ammonia, and 
of tar products and intermediates is conducted at 
special works in East Greenwich. 

Water gas is not made at East Greenwich, there are 
no carburetters and none but horizontal retorts ; 
but the company is conspicuous for its high-quality 
gas, of 550 B.Th.U. with 8 per cent. to 10 per cent. 
of inerts. Visitors were particularly interested 
in watching the construction of the new settings 
and in examining the fine collection of specialities 
exhibited, the neutralised, dry, and pure ammonium 
sulphate of Mr. E. V. Evans, the metro-burners 
of Dr. Carpenter and the various lamps, stoves and 
furnaces. The inverted metro-burners are made in 
three sizes for 25, 50, 75 candles maximum. A 
“metro” is provided with a bayonet socket, 
Bunsen tube, dust cap, an ejector and a thimble- 
shaped nozzle, perforated below, at the end of which 
the gas burns. The dust trap is a brass cylinder, 
constricted below in goblet fashion in such a way 
that the uprushing air is deflected downward again 
and cannot deposit dust on the perforated ejector 
disc which closes the Bunsen orifice. This, disc of 
nickel, about } in. diameter, is perforated with 
two, four or six holes ; the cutting and perforating 
(by steel needles) is so neatly done in little, hand- 
worked machines, that no burr can be detected. 
Every burner is tested, and the devices and gauges 
exhibited testified to the extreme care bestowed 
upon these appliances, which were repeatedly 
praised during the meeting. A complimentary 
luncheon in the Livesey Hall of the company, and 
a kinema display of gas-making and gas utilisation 
followed the inspection of the works. 


Tue Furst Researce Station. 


These features left little time for the visit to the 
Fuel Research Station, adjoining the works, where 
Sir Richard Threlfall and Sir Charles Parsons 
received members in the absence of Sir George Beilby. 
We have already spoken of one of the main lines 
of experiments, steaming in vertical retorts, and we 
referred last week also to peat investigation. The 
other chief work on the problem of low-temperature 
carbonisation is approaching completion, and a 
report is soon to be issued. Various coals are being 
tested in the same thorough way as the steamed 
coal. One hundredweight of each coal is finely 
crushed and put into shallow pans of iron, about 
4 ft. square; a grating of bars of iron divides the 
pan contents into cubes of 3 in. ; the pan is placed 
into a shallow steel retort, lenticular in section, 





to be carbonised. The coke cubes obtained are firm 
and give a smokeless good fire, easily lighted and 
maintained. At present South African coals are 
being studied. 


SoctaL Events. 

The social features of the meeting—which in- 
cluded a luncheon and a reception and dance on 
the Tuesday, and a luncheon on the Thursday— 
were thoroughly successful. The speeches, as well as 
the discussions, bore witness to what is agitating 
gas engineers. At the first luncheon, given in the 
Engineers’ Club, where Mr. T. Goulden presided, 
Sir Henry Maybury, K.C.M.G., President of the 
Institute of Transport, proposed prosperity to the 
gas industry, for which cheap coal was the first 
requisite. Mr. D. Milne Watson, M.A., governor 
of the Gas Light and Coke Company, in responding, 
said they had to wear down the prejudice against 
old-fashioned gas engineering in order to enlist the 
young: they could then get rid of unemployment. 
He charged the miners with responsibility for the 
coal dispute, whilst Sir Arthur Duckham, proposing 
the “‘ Institute of Gas Engineers,” held the employers 
and the Government likewise responsible. Dr. 
Carpenter, presiding at the Livesey Hall luncheon, 
infused new spirit into such speeches. Referring as 
Mr. Goulden had done to the services which the gas 
industry, under the leadership of Lord Moulton, 
had rendered to the country, he remarked they had 
to go on fighting to hold their own, and that required 
research, development not alone from within, and 
new methods of doing business. The man not suit- 
able to manage works might be placed in care of a 
district. Passing to copartnership, Dr. Carpenter 
added that members might sit next to a working-man 
director. Mr. Thomas Goulden, in replying to the 
toast of his health, said that he believed in evolu- 
tion, not revolution ; they had, like all engineers, 
to contribute to the welfare of mankind and to find 
out what consumers wanted. Mr. Harry Jones 
finally proposed the health of Dr. Carpenter, dwelling 
upon his distinguished work. Direct and indirect 
allusions to the gas-quality problem were frequent 
in the speeches. 





15-GWT. ELECTRIC RUN-ABOUT CRANE. 

THERE are very few factories in which the desire has 
not been felt more or less acutely for a power-driven 
run-about crane, capable of being mancuvred in 
confined spaces, and able to assist in such work as the 
loading and unloading of railway trucks and motor 
lorries, the storage of goods, the erection of machinery, 
&c. The crane illustrated on this has been 
devised by Mr. P. A. Mossay to meet require- 
ments. The structure carrying the jib is built up on 
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a roughly circular chassis, which has driving wheels at 
each'side driven by separate motors and steering wheels 
fore and aft. The jib has a luffing motion only, slewing 
being provided for by the rotation of the whole machine 
on the ground. To effect this the steering wheels 
are turned at right angles to their travelling position, 
and at the same time the field of one of the motors 
actuating the driving wheels is reversed so that when 
current is switched on by the controller, the whole 
crane rotates on its axis, in either direction as desired. 

The crane will lift 15 cwt. working load at a radius 
of 10 ft., the highest position of the hook at his radius 
being 12 ft. It is stable in any position without 
anchorage. It will rotate in a circle of 6 ft. 3 in. in 
diameter at 24 r.p.m., and will travel at about 300 
ft. per minute. The hoisting speed is 20 ft. per minute. 
The crane, complete with driver, weighs about 3 tons, 
and when fully loaded with the jib in any position the 
maximum load on any wheel does not exceed 1 ton. 
The machine can be used as a tractor if desired and will 
haul a load of 3 tons at) about 3. m.p.h. Power is 
supplied from a 20-cell battery of 258 ampere-hours for 
travelling, hoisting, derricking and slewing, the storage 
being sufficient for an average day’s work. 

When the jib is lowered'to the horizontal position, 
the crane will pass under a 7-ft. 6-in. doorway, and as 
its overall width does not exceed 6 ft. it can be man- 
ceuvred in -very cramped spaces. The fact that the 
driver’s seat rotates with the work when the crane is 
slewing, keeps the work always in full view. The 
method of slewing ensures that there shall be no 
variation of stability as the load is slewed; and as\a 
result the crane can be built for about half the weight 
that usually has to be put.into a machine for the same 
service. The absence of any necessity for anchoring 
or spragging the undercarriage is also a great advantage, 
as it permits the crane to be traversed when carrying 
its full load. 

The crane is manufactured by Messrs. Ransomes, 
Sims and Jefferies, Limited, of Ipswich, and the selling 
agents for it in Great Britain are Messrs. Mossay and 
Co., Limited, 7, Princes-street, S.W. 1 





THE NORDBERG WINDING, ENGINE. 

THe Nordberg Manufacturing Company, of 
Milwaukee, Wisconsin, U.S.A., some six years ago, 
completed a winding engine for a 3,200-ft. double- 
compartment shaft, which embodies many unusual 
features. The engine was installed for the ““ Old Abe” 
shaft of the Homestake Mining Company, of Lead, 
South Dakota, U.S.A. At this shaft the ore is hoisted 
from a number of levels, and like the majority of the 
ore mines in the Western States, while the hoist is 
normally operated in balance, it has to be capable of 
lifting the full load out of balance. 

Conditions at the site of the shaft made it impossible 
to set the winding engine in line with the shaft, which 


\ 
\ 


i 

! 

.! mo 

3 | ENN 

Po Pig. \ 

! Sax 

1 | 

i: Fe. 

rt PUSS EES TER EE Be 
wn+----: 118'0'-------------- k 200-1 








had therefore to be arranged as indicated in Figs. 
1 and 2, the latter showing the line of the pit shaft set 
obliquely to the line of haulage. This arrangement 
necessitated the two hoisting ropes being placed only 
18 in. apart, centre to centre. Flat ropes were decided 
upon, the use of such ropes being very common in 
the Western mining districts. In this instance this was 
partly decided upon because it was at one time thought 
that the hoist would have to be located much nearer 
to the pit-shaft than the distance shown in Figs. 
1 and 2. It is clear that with only 18 in. distance 
between the rope centres it was not possible to place 
both reels on one shaft, and this fact was one of the 
principle reasons for the somewhat unusual design of 
this winding engine. As the hoisting has to be done 
from different levels of the shaft each reel had to be 
loosely mounted on its shaft and held by means of 
powerful friction clutches so that the ropes could be 
accurately adjusted for hoisting in balance from any 
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level. Fuel is expensive at Lead and, as it has been 
found in several other cases that a compound hoist 
uses practically one-half the amount of steam as a 
non-condensing hoisting engine, it"was decided to 
build this hoist with compound cylinders and to run 
it condensing. ‘The size of the engine hoist necessitated 
the use of* servo-motors not only for the clutches, 


Fig.3. 
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brakes and reversing gear, but also for the throttle. 
These servo-motors are operated with compressed air 
from the rock drill system of the mine. The ropes 
are § in. thick and 7} in. wide, weighing 10 lb, per foot 
or a total of 32,000 Ib. each. The hoist has to lift a 
net amount of ore 12,000 Ib. in a skip weighing 7,500 Ib. 
The boiler pressure is from 150 Ib. to 160 lb. to the 
square inch. The hoist is located at an altitude of 
5,400 ft. above sea level. 

The engine has two high-pressure cylinders, 28 in. 
diameter, and two low - pressure cylinders, 52 in. 
diameter, with a stroke of 42 in. The arrangement is 
such as to produce one impulse from the steam cylinders 
for each 45 deg. of a revolution, or eight impulses per 
revolution. The Nordberg Manufacturing Company 
has built a number of winding engines on this principle, 
some of which are of very large size, and it has been 
found that this type of engine handles more easily than 
the ordinary twin engine, which is a very important 
advantage in a hoisting engine. The four-cylinder 
hoists which this firm have built heretofore have all 
been on the diagonal type, as illustrated in Fig. 5, 
Plate XXXII, which shows a winding engine built for 
the Tamarack Mining Company, for 6,000 ft. depth. 
The Homestead engine is illustrated in Figs. 3 and 4, 





annexed. and Figs. 6 to 10, on Plates XXXII, XXXIIT 
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and XXXIV, and Fig. 12, 572. This engine, as 
already mentioned, has two shafts with a reel on each. In 
an engine of the Tamarack type, the cylinders are placed 
with centre lines at an angle of 90 deg. to each other, 
while the centre lines of the cranks are 135 deg, = 
180 deg. — 45 deg. apart. On the Homestake. hoist, 
| which has. two crankshafts with a reel on each, the 
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cranks are set 90 deg, apart and the cylinders 45 deg. 
apart, Fig. 11, shows in a diagrammatic way the 
arrangement of crankshafts and cylinders, It will be 
seen from this figure that the crankshafts are coupled 
together by means of side rods in much the same 
manner as the driving axles of a locomotive. The main 
connecting rods of the engines are coupled to the 
crank pins in the manner illustrated in Fig. 11. 

Figs. 3 and 4, above, give outline drawings of the 
hoist and condenser, and show their relative ions. 





Coming now to the drawings in Figs. 7, 8 and 12, 
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Plate?X XXIII and 572, Fig. 7 shows a side eleva- 
tion of the hoist and illustrates the construction of the 
engine frames. The framing consists of the main 
frames A, which include the bored slides for the cross- 
head and the main bearing. A large distance-piece B 
connects the lower ends of the main frames, and a 
smaller distance-piece C connects the upper ends of 
the main frames and serves as a support for the bracket 
carrying the lay shaft on which the eccentrics are 
mounted. This figure shows the high and low-pressure 
cylinders very clearly, and also the main 
valves, and the servo-motors D for the brakes and 
the servo-motors E for the clutches. All these features 
are clearly brought out in Fig. 9, Plate XXXIV. 

Fig. 8, Plate XX XIII, is a plan of the hoisting engine 
showing the operating platform ; the latter is also well 
shown in Fig. 10, Plate XXXIV. In the drawing, Fig. 
8, the position of the operating levers for the hoist, three 
in number, may be seen. One, F, operates the throttles 
and the reversing gear, and each of the other two 
G, G, a brake and a clutch. These levers have two 
motions—one at right angles to the crankshafts and 
another parallel to the crankshafts—and each lever 
performs two functions, as will be explained later. 
Fig. 12, page 572, is an end view of the winding engine 
and shows the two depth indicators, and the Karlick 
tachograph, as we'll as the governor and the different 
operating lay shafts, the platform and stairs. These 
features may all be distinguished in the view of the 
operating platform, Fig. 10, Plate XXXIV. 

The main features of the framing have already been 

inted out. The main bearings are illustrated in 

igs. 13 to 19, page 572. These bearings are three- 
parted, with a cap on the one side, and long bolts 
extending right through the main frame and distance- 
piece, from one cap to the other. This will be clear on 
reference to the general drawings. The various details 
given with these figures are of the brasses and wedges 
and will be clearly followed without further reference. 


(To be continued.) 





INDUSTRIAL NOTES. 

Srr WiLt1AM PLENDER’s award on the disputed coal 
settlement accounts, to which we referred in our last 
issue, provides, briefly, that the coalowners’ contribu- 
tion to the South Wales miners’ wages for September 
shall be 72-6 per cent., instead of the 97-52 per cent. 
which had been arrived at by the Mines Department, 
the award providing, further, that the 72-6 per cent. 
is subject to adjustments following upon audits, 
adjustments which may have for effect to lower the 
72-6 per cent. for the said month of September. In 
regard, on the other hand, to the wages for October in 
all the collieries throughout the country, the award 
provides that there shall be carried forward to the 
credit of the October wages the proportion of standard 
sured for July and August not utilised in respect of the 

ptember wages; the coalowners have paid tem- 
porarily on the basis of 51-68 per cent. 





Mr. J. H. Thomas, M.P., speaking at a meeting of 
railwaymen last Saturday, said that the railway com- 
panies were last year voted, quite legitimately, 
52,000,0001., and he was amazed that the Government 
had not said, clearly and definitely, that this money 
must be spent on new materials, and that the time to 
spend it was when men were out of work and ready 
to provide the material and do the work the railways 
needed. Before the war there was at least 10,000,000/. 
spent every year on new railway developments. During 
the past six years that had entirely ceased. He knew 
of railway companies at this moment who could spend 
millions on remunerative work, and were anxious and 
willing to spend it, and red to prove that it was 
remunerative work, casi pbeelatabe necessary. The 
difficulty of the railway companies was that thef could 
only borrow from the banks at a high rate of interest, 
oe could not go on to the market and issue debentures 
under 8 per cent, or 9 percent. Mr. Thomas suggested 
that here was a remedy the Government could imme- 
diately apply. The Government could borrow as much 
money as they wanted from the banks at 53 per cent. 
He suggested that the Government should lend to the 
railway companies the money required for develop- 
ments and work which were remunerative, at about 
54 per cent. interest. This would only cost the 
Government the difference between 5} per cent. and 54 
per cent. interest. In other words, instead of spending 
money on doles, they would spend money on useful 
work, and would only pay 5s. for every 1001. advanced. 





Mr. John Hill, the secretary of the United Society 
of Boilermakers and Iron Shipbuilders, also deals in 
the report for October of this society with Government 
loans, and says: “ Would it be too much for our 
Premier and his committee of experts to pass a short 
Act abolishing all interest on national loans, paying 
back the full amount lent, slowly, but surely, as trade 
improved, and paying immediately the small sums to 





poor investors who are entirely dependent on their 
savin Would it be too much to demand this small 
sacrifice of rich men when millions of poor men 
offered their labowrs and their lives freely? Such an 
Act would be no injustice.” The only comment we 
need make on this proposal is this: During the war 
men in every rank of society offered their lives freely, 
but practically no one offered his labour freely, hence 
the dissensions now prevailing in the matter of the 
withdrawal of the war-time bonuses. 





Writing from Berlin, in The Birmingham Post for 
the 13th inst., the correspondent of that journal says 
that to-day not only law but also practice and reality 
prevent a German workman drawing unemployed pay 
until he himself proves that he cannot get work of a 
kind which he might reasonably be expected to accept. 
It was the socialists and trade unionists’ who put" this 
condition through. German labour and socialist news- 
papers wage a ruthless war against that form of black- 
legging which hankers after subsidised idling at the 
ultimate cost of the industrious workers. 





It has been repeatedly computed that the cost of 
labour stands for 80 per cent. to 90 per cent. of the 
cost of a finished article, a ship for example. Con- 
sidering that the wage of a German workman, reckoned 
in British currency, is, generally speaking, three times 
less than that paid to a British workman at the present 
time—and the difference seems likely to continue— 
competition with German works for export, under this 
head alone, seems practically impossible. In” this 
connection, it may be stated that Lord Haldane, 
speaking at Sheffield, last Saturday, stated that there 
was now a number of ships from Tyneside being repaired 
in German dockyards because the work was done there 
more cheaply and more expeditiously than it could be 
done at home. 


The Ministry of Labour state that employment 
during September showed a further improvement in 
some trades, but it was still bad generally, and in most 
of the principal industries there was much unemploy- 
ment and short-time working. The percentage un- 
employed among members of trade unions from which 
returns are received was 14-8 at the end of September, 
compared with 16-3 at the end of August. The per- 
centage unemployed among workpeople insured under 
the Unemployment Insurance Act fell from 13-15 on 
August 26 to 12-2 on September 30; the figures on 
which these latter percentages are based are exclusive 
of those persons who have removed their unemploy- 
ment books after exhaustion of benefit. The total 
number of workpeople registered at the Employment 
Exchanges as unemployed on September 30 was 
approximately 1,405,000, of whom 1,078,000 were men 
and 229,000 were women, the remainder being boys 
and girls. In this connection it should be noted that 
at that date about 366,500 persons who had exhausted 
their unemployment benefit had ceased to register at 
the exchanges. On August 26 the number on the live 
register was 1,573,000, of whom 1,190,000 were men and 
275,000 were women, while the number of persons who 
had ceased to register after exhaustion of benefit was 
104,100. In addition to those unemployed, 177,000 
males and 145,000 females were registered as working 
systematic short time on September 30 in such a manner 
as to entitle them to benefit under the Unemployment 
Insurance Act. On August 26 the corresponding 
figures were 218,600 males and 189,200 females. There 
were also 41,400 persons working systematic short time 
whose benefit was exhausted, compared with 13,600 
on August 26. The number of vacancies notified by 
employers to exchanges and unfilled at the end of 
September was 21,000, of which 5,250 were for men 
and 13,500 for women. 








Changes in rates of wages reported as having come 
into operation in September in the industries for which 
statistics are compiled by the Ministry affected over 
2,040,000 workpeople, of whom nearly 1,680,000 
sustained decreases, while over 360,000 received 
increases. The net effect of all the changes was a 
reduction in weekly full-time wages of over 240,000/. 
The principal groups of workpeople affected by reduc- 
tions included building trade operatives, whose wages 
were reduced by $d. per hour generally in Great 
Britain in the case of skilled men, while labourers 
sustained reductions ranging from $d. to 14d. per hour ; 
coal miners in all districts except the Yorkshire and 
East Midland districts (where there were small in- 
creases) and Scotland (where there was no change), in 
the case of whom there were reductions amounting to 
2d. and 1d. per shift for workers over 16 and under 16 
years respectively in Lancashire, Cheshire and North 
Staffordshire, and to 6d. and 3d. per shift respectively 
in other districts ; and employees of gas and electricity 
undertakings, whose wages were reduced under national 
agreements. Other important reductions affected 
electrical cable makers, jute workers, printers and 





bookbinders, &c. Since the beginning of 1921 changes 
in rates of wages reported to the Ministry have resulted 
in a net reduction of over 3,800,0001. in the weekly 
wages of nearly 6,600,000 workpeople, and a net 
increase of over 25,0001. in the wages of about 150,000 
workpeople. 





The number of trade disputes involving stoppages 
of work reported to the Ministry as beginning in 
September was 57. In addition, 43” disputes which 
began before September were still in“ progress at the 
beginning of that month. The total number of’work- 
people involved in all disputes in progress at any time 
in September (including those thrown out of work 
at the establishments where the disputes occurred, 
though not themselves parties to the”disputes) was 
about 20,000, as compared with 26,000 in"the”previous 
month and 104,000 in September, 1920. The estimated 
aggregate duration of all disputes during September was 
nearly 150,000 working days, as compared with over 
200,000 days in August, 1921, and with 1,100,000 days 
in September, 1920. The estimated aggregate duration 
of all disputes reported as in progress during the first 
nine months of the present year was approximately 
84,000,000 working days. The total number of work- 
people involved in these disputes was approximately 
1,700,000. In the corresponding period of 1920 nearly 
9,500,000 working days were lost owing to disputes 
in which approximately 780,000 workpeople were 
involved. 





On October 1 the average level of retail prices of all 
the commodities taken into account in the statistics 
prepared by the Ministry of Labour (including food, 
rent, clothing, fuel, light and miscellaneous items) was 
about 110 per cent. above that of July, 1914. The 
corresponding figure for September 1 was 120 per cent, 





The Railway Clearing House has announced that a 
temporary reduction will be made as from November 1 
in the railway rates for the transport between places in 
Great Britain of iron ore and limestone. 


The Ministry of Labour have decided that a further 
period of benefit under the Unemployed Insurance Act 
(at the rate of 15s. per week for men and 12s. per 
week for women), is to commence on November 3, to 
continue for 16 weeks, or, if necessary, for 22 weeks. 





Mr. Herbert Smith, president of the Yorkshire 
Miners’ Association, stated last Monday, at a council 
meeting of the association, that 12,000 Yorkshire 
miners were totally unemployed at the present time 
whilst the majority of those employed were only 
working short time. He also said that some owners 
were seeking to break agreements by attempting to 
obtain a reduction in tonnage rates, adding that at 
one colliery nine men had been given notice to leave 
as they would not agree to work for 5s. per day. The 
Mining Association have lost no time in replying to 
these allegations, and state that provisions for a 
settlement were made between the owners and the 
men in great haste, without, as Sir William Plender 
asserted, that full and detailed_consideration which the 
complexity of the problem required. The result was 
that a number of collieries were faced with three 
alternatives: (1) engaging in their business for an 
undefined period at a certain loss; or (2) closing down 
their pits; or, again, (3)-seeking to secure the co- 
operation of their workpeople in keeping the pits open 
by an economic adjustment of wages. The Mining 
Association add that any question of price list rates 
has always been and must necessarily remain a matter 
for individual colliery concerns to settle, either with 
their workpeople direct or through the machinery set 
up for arbitration. In regard to the colliery referred 
to by Mr. Smith, if the owners have sought a solution 
of the problem by way of the third alternative, it 
may be that they have adopted what they deem to be 
the best and fairest way out of a grave difficulty, 
one which affects owners and men alike. 





The Guaranty Trust Company of New York state 
that the United States imports for September amounted 
to 180,000,000 dols., as against 363,000,000 dols. 
for September, 1920. Exports amounted to 
325,000,000 dols., which was the lowest total for 
any month except July, and compared with 372,000,000 
dols. for August, 1921, and 605,000,000 dols. for 
September, 1920. The situation in the steel and iron 
industry was somewhat improved. The unfilled 
tonnage of the Steel Corporation on September 30 
showed an increase for the first time since July, 1920. 
The corporation was now working at about 38 per 
cent. of its full capacity, as against 30 per cent. on 
September 1. Pig-iron production for September 
increased for the second consecutive month, the 
average daily output being 32,850 tons, as against 
30,780 tons in August. 
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A QUICK-ACTING BENCH VICE. 
A new bench vice of the quick-acting type has been 
lately introduced by the International Construction 
Company, Limited, of 56, Kingsway, W.C. 2. This 
vice is designed by Professor G. E. Cassel, and is of 
the parallel-jaw type. Only a short length of screw, 
some 2 in. long, is used, and the movement of. the 
screw in the nut is limited to about a quarter of an 
inch. -A quarter turn or so of the handle is sufficient to 
lock the jaws in position, while very little more is 
uired to exert a very powerful grip on the work. 
place of the”usual screw the movable jaw has 
fixed to it a plain cylindrical spindle with three longi- 
tudinal vee grooves cut in it. In these grooves run 
three vee-pieces which form fingers extending from a 
circular sleeve slightly larger than the grooved spindle. 
The fingers are tapered at their ends, on the outside, 
and thus form wedges which are pressed into the 
grooves by a second sleeve bored to a corresponding 
taper fit. Slight relative movement between these 
two sleeves causes the fingers to grip the spindle, or to 
release it as the case may be, this action being in- 
dependent of the longitudinal position of the fingers 
in the vee grooves, and consequently of the width of 
jaw opening and size of the work held. The relative 
movement is provided by a short length of screw 
working in a nut in the body behind the fixed 
jaw. The screw is rigidly fixed to the outer sleeve 
previously mentioned. It should be stated that a block 
is inte d between two of the fingers and fixed to the 
outer sleeve so that when the spindle and fingers are 
turned by the handle the outer sleeve moves round 


also. This has the effect of working the screw in p 


the nut, drawing the sleeve up and exerting through 
the tapers and fingers a grip on the spindle and movable 
jaw. A small but powerful spring is interposed between 
the two sleeves so as to tend to the wedges apart, 
thus releasing the grip as soon as spring is allowed 
to extend by unscrewing the handle. The vice is very 
powerful and quick in action, and may be drawn out 
or closed in very quickly to fit any piece of work. 





THE STANDARDISATION OF FAN 
CAPACITIES. 


To Tae Eprtor or ENGINEERING. 

Sir,—On the 11th inst., at the meeting of the Insti- 
tution of Heating and Ventilating Engineers, I had the 
pleasure of hearing a paper read on the subject of ‘‘ The 
Need of Standardising Fan Capacities at Total or at 
Static Heads,” and o pee ay the interesting and 
instructive debate that followed. One point, however, 
was not insisted upon, viz., the value of such standardisa- 
tion for increasing this country’s much-needed export 
business by the help it would give to engineers overseas. 

I venture to draw attention to this point because there 
were suggestions made that all one has to do when 
designing a system in which the movement of air comes 
into question, was to prepare the scheme and send it to 
the fan maker asking him to calculate the resistance of 
the airways, &., and to say what fan he advised and 
the cost of it. It is obvious that time would not admit 
of such procedure by an engineer overseas who has to 
send in his tender within a limited period, and it seems 
plain that export business must therefore be dealt with 
on sounder lines. 

One speaker at the meeting mentioned that there 
should be no more need to send schemes to the fan-maker 
than to send diagrams of an electric lighting installation 
tothe dynamo builder. It may be that if standardisation 
were arrived at, we should find that velocity, quantity 
and resistance, in air matters, would present no more 
difficulties than do their counterparts in electrical 
calculations. However, that is for the engineers to 
consider, and they are evidently alive to the advisability 
of doing something. 

Those who are interested in export business will be 
grateful for any step that may be taken to avoid useless 
correspondence, delay and perhaps losses attendant upon 
faulty specifications. There is also the risk that the fan 
may unjustly be condemned through being unsuitable 
for the work demanded of it. 

Yours faithfully, 
October 18, 1921. “ EXPorTeR.”’ 





COAL SUBSIDY. 
To Tae Eprror or ENGINEERING. 

Str —My attention has been directed to your leading 
article of October 7, entitled “ Industrial Depression 
and a Coal Subsidy.” You tell your readers that in The 
Observer I have “ pretended that cheaper coal is incom- 
patible both with a reasonable return on the capital 
spent in developing the mines and with a prover standard 
of living for the miner.” Readers of The Observer 
know that I have made no such contention, and that I 
op subsidies on principle. Thus, on July 3, I said, 
“TI believe the case is one in which special measures in 
the direction of stimulating cheap production by sub- 
sidised energy, pending ¢t restoration of economic 
energy, would be justified.” Again, in The Observer of 
June 12, I said, “‘ For my own part, I would not hesitate 
to epply artificial stimulation to manufacturing output 
by the expedient of temporary coal subsidy, while taking 
ev step to make subsidy unnecessary, as it 
ought to be.” In short, the coal subsidy which I propose 
18 purely a temporary expedient, just as I presume Sir 
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Peter Rylands’ proposal for a steel subsidy is made. 
In the economic field it is to be compared to the use of 
medicine in sickness, Surely one may suggest that 
quinine is good for a fever without being charged with 
proposing to feed the British population for an indefinite 
period on a quinine diet. si a 
On the subject of energy in its permanent aspect I 
have never ceased to urge in The Observer and elsewhere 
that this should be cheapened scientifically by a number 
of methods with which I have dealt in detail. 
In conclusion, I am interested to observe that you set 
our face against the general current of opinion, shared 
S His gs wn Ae Government, that the international 
war debts he d be cancelled out as a hindrance to the 
world at large. 
Your obedient Servant, 
Lzo Cutozza Money. 
October 12, 1921. 


(The actual words used by Sir L. C. Money in The 
Observer of October 2 last were as follows :—‘‘ Cheap 
coal, the life blood of British industry, is impossible 
unless we call on the mineowners to work at a loss, and 
upon the miner to do arduous and dangerous work for a 
livingtworse than we should care to offer to a workhouse 
inmate.” Whether this statement, which we quoted 
in our article, is incompatible with the writer’s present 
claim to have made “ no such contention ’’ we may leave 
our readers to jud; 


As bearing on the reason for the high cost of fuel, we 
may quote the following figures, taken from a di 
published by Lord Weir in December last year :—For 


the 19 years prior to 1908 the output of coal per operative 
engaged was never less than 280 tons per annum, and the 
wages cost never exceeded 6s. per ton. From 1908 
onwards the output per man has fallen with increasing 
rapidity and the wages cost per ton has risen even more 
rapidly, until in 1919 the output was less than 210 tons 
Tr man and the wages cost more than 25s. perton. Even 
in 1915, when so many of the sturdiest of the mine 
workers were en in the defence of the country, the 
annual output of those who remained was 270 tons, and 
the wage cost per ton was below 8s. Lord Weir, whose 
opinion on industrial matters is vastly more important 
than that of Sir L. C. Money, states that “‘ the considera- 
tions involved in this diagram lie at the very root of 
our difficulties and of any possible recovery and improve- 
ment in our general industrial situation.” 

The fact that a writer who “op subsidies on 
principle ’’ can t subsidising the coal industry to 
the extent of 45,000,0002. a year, and can think that a 
“bounty on coal rts is worth practical considera- 
tion,” involves a self-contradiction which makes one 
wonder what value he can Ry upon his principles. 
But why other industries should be taxed for the support 
of the coal trade, and especially to accentuate the com- 
petition of the foreign manufacturer by paying part of 
the cost of his fuel for him, are questions which we should 
like to see answered. 

With regard to the last paragraph of the above letter, 
we need not again comment on the indefensible ‘‘ petitio 
principit ” involved, as it appears to be Sir L. C. Money’s 
standard form of argument. If it would be business 
on the of creditor nations to annul debts owing to 
them, then every bank in this country would become more 
prosperous by making a present to its customers of the 
amount of their pose FA, many and manufacturers would 
attain wealth by ceasing to send out invoices for goods 
—— If the idea is that the “‘ world at large ’’ would 
be better by the cancellation of all international debts, 
then, by the same reasoning, prosperity could be brought 
to Great Britain = the ing of every ledger in the 
country, so that all debts would be wiped out and we 
could start business again with clean slates. The 
argument, when reduced from airy generalities to concrete 
instances, is so silly as to carry its own refutation. 

What the world needs at the present time is a restora- 
tion of confidence in the stahility of things, and nothing 
is more destructive of confidence than the suggestion of 
any tampering with the obligations of a nation. The 
British people have justly prided themselves on their 
high commercial integrity, and our position in the world 
has been founded on national and individual honesty. 
Every suggestion that we wish to-repudiate debts 
owing to other nations for goods supplied by them on 
credit is about the most damaging blow that British 
a os trade could receive, and every genuine 

glishman must deplore the weakness of moral fibre 
which could entertain any such idea.—Ep.E.] 





“THE YELLOW RIVER BRIDGE 
CONTRACT.” 
To THe Eprror or ENGINEERING. 

Sim,—Due to my absence from my usual surroundings, 
I regret I failed to see your issue of October 7 until this 
week, or I would earlier have asked you to correct state- 
ments appearing in a letter signed “‘ Moorebennet ” in 
that issue, relative to the above, and not flattering to 
British enterprise and effort. 

The conditions published by the Chinese Government 
were that the contract would be awarded to the bidder 
whose design was adjudged best by an International 
Commission and premia would be paid to the second and 
third best designs. 

The first place has been awarded to the combination 
consisting of the Société d’ Etudes et de Construction, the 


Société ge de Chemins de Fer en Chine, and the 
Compagnie érale de Chemins de fer et de Tramways 
en 


ine, with whom my firm are in partnership. Of 
these three companies the work of getting out the tik 
and tenders was in the hands of the active company of 
the group, viz., the Société d’Etudes et de Construction, 
which is a combination of Messrs, 8. Pearson and Son 
ra on Department), Limited, and the Compagnie 





lige de Chemins de fer et d’ Entreprises. 








Two entirely independent designs and tenders were 

t. out, one in Brussels and one in London, the latter 
esign and tender being that which was awarded first 
place out of the schemes jointly submitted. It may be 
of interest to your readers generally, and to your corre- 
spondent ‘‘Moorebennet,” to know the part that a 
British firm actually took in the competition for the 
Yellow River Bridge contract with success, 

Yours faithfully. 
S. Pearson anp Son (Contractmxc Deraxr- 
MENT), LIMITED, 
E. W. Morr, Director, 
10, Victoria-street, Westminster, 8.W. 1, 
October 17, 1921. 








To THE Eprror or ENGINEERING. 

Sim,—Referring to the letter from the “ Engineers of 
China, Limited, Pekin,” and other correspondence which 
appeared in your issue of October 7, and in the press 
generally, we think the following facts may of 
interest. 

Our firm (Sir William Arrol and Co., Limited), whom 
it is perhaps unnecessary to remark, have built some of 
the <“ bege d in the world, pre d a complete 
design for the Yellow River Bridge which entirely met 
the rather special conditions of the site and also the 
conditions of the specification. Our estimate included 
the manufacture and erection of the bridge complete, 
including foundations, and we despatched the same by 
one of our own engineers to Pekin, after cabling the 
authorities of his departure. Unfortunately, the steamer 
on which he was travelling was held in quarantine 
(owing to an outbreak of small-pox) for some days at 
Singapore, with the result that he arrived in Pekin some 
three days after the date fixed for the receiving of 
tenders. 

We endeavoured to get our design and tender con- 
sidered both through the instrumentality of the British 
Foreign Office (to whose representative in China we are 
much indebted), and also through the good office of the 
Chinese Ambassador in London, but without avail. 
If the figure at which the contract is alleged to have been 
placed by your correspondent is correct, then we can now 
safely state that our estimate was considerably lower, 
and but for the unfortunate delay to the steamer, this 
order would probably have been given to a purely British 
tenderer. 

We are, yours faithfully, 
(For Str Wri11amM ARror anp Co., Limirep), 
Joun Huwrter, Managing Director. 
85, Preston-street, Bridgeton, Glasgow, 
October 18, 1921. 





“THE PREVENTION OF HARDENING 
CRACKS IN A TOOL STEEL.” 


To rae Eprror or ENGINEERING. 

Srr,—In your issue of October 7, you were good 
enough to give a report of the written discussion on my 
paper on “The Prevention of Hardening Cracks in a 
Tool Steel.” Inotice that you call it a “ tungsten steel,” 
which expression by aslip appeared in the advance copies 
of the paper, but in the final issue it is simply called a 
“tool steel.” The point would be of no importance 
except for the fact that the condition to which I drew 
attention in my paper is not associated with only one 
particular steel, It may, I believe, be brought about 
over a whole range of carbon and low-tungsten tool 
steels. 

Yours faithfully, 
Surrey N. Braysuaw. 

Mulberry-street, Hulme, Manchester, 8.W., 

October 15, 1921. 





“STRESSES IN SHIPS’ PLATING DUE TO 
FLUID PRESSURE.” 
To tue Eprror or EnGInerrina, 

Sir,—I had not intended encroaching further on your 
valuable space with reference to this subject, but as a 
second letter from Professor Abell appears in ENGrnerr- 
«NG of the 14th inst,, I feel compelled to say a final word. 

It is interesting to see by the Professor's letter that 
there is now only one point in my paper on which he holds 
a difference.of view, but in his remarks thereon, he brings 
nothing new to the discussion. His observations 
directed only to Fig. 6 of the paper are based on a fallacy. 
The figure referred to is neither more nor less than 
diagrammatic, and in my letter of the 30th ult. I pointed 
out that the diagram should not have been read to 
measurement ; yet, although the Professor admits his 
error, he still returns to the matter and attempts to 
deduce therefrom arithmetical comparisons. Thanking 
you for your courtesy. 

Yours faithfully, 
B. C. Laws. 

71, Fenchurch-street, London, E.C. 3, 

October 19, 1921. 





Tue Perrer Enoiveermne Society.—The Petter 
Engineering Society of Yeovil has recently issued their 
syllabus for the season 1921-22, from the 24th inst. to 
March 20. Nine papers are to be read by well-known 
engineers, on explosive engines, oil and gas engines, 
petroleum, flying, and economics, 





FeperaTion oF British Inpusrries.—The Grand 
Council of the Federation held a meeting last Wednesday, 
when it was decided to d to the annual general 
meeting of members the appointment of Colonel O, C, 
Armstrong, D.8.0.. chairman of Messrs. Greenwood and 








Batley, to the position of President of the Federation, 
in succession to Sir W. Peter Rylands. 
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TWO NEW MINE RESCUE APPARATUS.* 
By Professor Henry Brraes, D.Sc., Ph.D., A.R.S.M. 


In 1917 the Scientific and Industrial Research Depart- 
ment, at the request of the Home Office, instituted an 
inquiry into mine rescue work and appliances. The 
Research Committee,f in their first report (1918), laid 
down a number of conditions which had to be satisfied 
by an efficient self-contained rescue apparatus, and, as 
no such apparatus existed at that time which fulfilled 
all those require ts, it b y to design 
others that would do so. 

The apparatus here described are based on well-known 
and well-proved principles. They are both regenerative : 
that is to say, the air exhaled by the lungs is purified, 
enriched with oxygen and returned to the lungs. The 
apparatus and the lungs thus form, in each case, a closed 
circuit, and the lungs serve as a single-acting pump 
circulating the air round that circuit. The main 
difference between the apparatus lies in the oxygen 
supply; in the first the oxygen is derived from the 
evaporation of enriched liquid air and in the second it is 
obtained from a cylinder of compressed gas. 
head-dress, mouthpiece, nose-clip, chin support, saliva 
trap, flexible tubes and the valves on the breathing 
cireuit are the same in the two appliances. Both 
apparatus were designed to enable the wearer to under- 
take continuous, heavy physical exertion for at least 
2 hours ; as a matter of fact they can satisfy the respira- 
tory needs of the wearer for 3 hours when suitably 
charged, 

Liquid Air Apparatus.—This ap 





aratus, based upon 


Blackett’s patents of 1910 and 1911, is the result of 


Fig.1. 


























prolonged experiment by Messts. G. L. Brown and F. P. 
Mills, and of the experience gained at the North Midland 
and the Northumberland and Durham groups of mine 
rescue stations of which these workers are respectively 
the chief officer. The liquid “air” employed contains 
over 60 per cent. oxygen; it is made at the rescue 
stations and stored and transported in Dewar metallic 
vacuum vessels holding 50 Ib. each. 

Fig. 1 (not to scale) is the flow diagram of the apparatus. 
The —— represented on the diagram below the 
line X X are hung on the back of the wearer ; those above 
that line are carriedin front. The flexible tubes attached 
to the mouthpiece pass over the shoulders. The general 
appearance of the apparatus is illustrated by Figs. 
2and 3; they also show the canvas jacket upon which the 
appliance is supported. In Fig. 3 the breathing bag 
has been drawn out of the canvas cover in which it is 


carried. The charge of liquid air is poured through 
a long-necked funnel, through the orifice B, into ake 
‘**pack.”” This vessel consists of a strong metal case E, 


insulated with magnesite-asbestod F, and having a stout 
leather cover on the outside. A second, lighter, metal 
case H, is contained within BE, there being an air space G, 
between the two. H is divided into compartments by 
& gauze framework (dotted lines), and dry, calcined 
asbestos wool is rammed into the spaces A, A, A, A. 
The asbestos wool soaks up the liquid air so completel 

that, after a working charge has been poured in, the paek 
may be turned upside-down without any of the liquid air 
escaping. Air evaporating within the k passes along 
the tube D into the space G, and thence through K 
into the breathing circuit. The space G serves a treble 





* Paper read before Section G of the British Association 
at Edinburgh, on re 14, 1921. 

+ The members of the committee were, Mr. William 
Walker, C.B.E. (chairrian), Professor J. 8. Haldane, 
LL.D., F.R.8., and the present writer. 





function : First, it enables the air moving through it to 
gain heat flowing in oem > F, the rise of temperature 
thereby produced being sufficient to prevent the inhaled 
air being too cold and to prevent the freezing-up of the 
discharge end of K ; secondly, G acts as a trap for any 
liquid which, due to over-filling of the pack, may escape 
by the tube D, and thirdly, it improves and in some 
degree regulates the insulation of the pack. In the latter 
connection it is to be observed that the insulation, while 
being sufficient to avoid too rapid an evaporation of the 
air, must allow enough heat to pass to boil off an adequate 
supply for the period of use of the apparatus. When 
the has been freshly charged the rate of evaporation 
is high; the volume of cold air circulating in G is at a 
maximum, and its insulating effect is thus also a maxi- 
mum. The tendency, therefore, is, at this stage, for the 
air space to effect a reduction in the excessive ebullition 
of gas, while towards the end of a “ run” when the 
evaporation is flagging, it is stimulated by an increase 
in the passage of heat across the air space. In com- 
parison with older designs of pack, the Mopoee of 
filling is much expedited ; only one opening B has to be 
close by a blank screw cap after charging. The working 


he | charge of 4$1b. to 5 1b. of liquid air can be put in, and 


the cap screwed on, in less than a minute. 

The breathing circuit mainly consists of solid-drawn 
brass tubing, 1 in. in diameter. The tubular frame is 
bent over the shoulders at X X, and extends as a wide 
collar in front of the chest—a novel feature. From the 
centre point of this collar hangs the breathing bag L. 
In the form illustrated in Fig. 1 the bag mM said 
to consist of two saucer-shaped pieces of rubber joined 
at their edges. Such a bag cannot be penggece: Bag oy + 

i 








by the suction of the lungs and is very unlikely to be 


During the first part of a “run” e jon of the 
liquid in the pack takes place so briskly that, unless the 


user is hard, the volume of fresh air supplied 
exceeds that wn into the lungs. During this pre- 
li period the excess of air together with all, or 


nearly all, the products of respiration exhaust through 
the relief valve. To prevent excess air flowing from the 
pack to the relief in the reverse direction, i.e., through the 
purifier, a mica disc valve J has been inserted. Such 
a reversed flow would be detrimental in that it would cool 
the caustic soda and render it chemically inert ; later 
on, therefore, when the purifier is required to come into 
action, it would be inactive until it had been warmed by 
the expired air. After the rate of discharge from the 
eee has become less than the volume demanded by the 
ungs, the apparatus becomes a true regenerator; an 
increasing proportion of the ys ote air passes through the 
purifier and is re-breathed. aking 5 Ib. of liquid air 
as a standard charge, and remembering that 14 Ib. is 
lost in cooling down a pack in falling, a team of five rescue 
men requires a supply of about 33 lb, for a 2 hours or 
24 hours’ spell of work ; the apparatus of one team can 
thus easily be charged from a single 50-Ib. container. 
The appliance is a pronounced advance on any other 
liquid air rescue apparatus ; it is comfortable to wear, 
and eminently safe and serviceable. It proves highly 
satisfactory in extracting CO) and in supplying a 
sufficiency of oxygen to the purified air. Of all existing 
rescue vig saree: it is the easiest to use; there are no 
cocks to turned, no valves to be adjusted and no 
gauges to be read. If 5 lb. of liquid air are poured in, 
and if the apparatus is airtight, the wearer can be 
certain that it will serve his needs for well over 2 hours ; 
the only indicator needed is the alarm. watch carried by 
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flattened by external pressure ; at the same time it has 
the required distensibility. The idea of making the bag 
like two saucers set edge to edge is Colonel Blackett’s ; 
it may be carried out in different forms ; the bag may be 
circular, oval or of the shape of a rectangle with rounded 
corners. The capacity of the bag is 6 litres. The air 
is directed round the circuit by the valves V; and Vo. 
These valves are the best the writer had seen for the 
purpose. They resemble those formerly used as inspira- 
tory valves for the box respirator, with the important 
difference that the perforated seats are of stout rubber 
instead of metal. The valve consists of a disc of thin 
rubber riveted at its centre to a larger, perforated disc. 
The valve boxes are also the couplings between the 
flexible corrugated tubes connected to the mouthpiece 
and the tubular frame, and the valve seats act as 
washers in these joints. If a valve is put into place the 
wrong way up it cannot open, and one’s attention is 
thus immediately directed to the mistake, The resist- 
ance of the valve is very low, its slip negligible, and it 
functions well in any position. 

The path of the air through the purifier P is shown by 
arrows. The purifier, which is placed below the pack, 
contains a charge of about 1} 1b. of caustic soda granules 
held in carriers of perforated metal. The relief valve R 
is set to blow-off at a pressure of about 3 in. of water 
column. A low resistance to breathing is a physio- 
logical necessity for any rescue apparatus; with the 
liquid air apparatus, where the relief valve is between the 
mouth and the purifier, it becomes, in addition, a 
physical necessity. If the resistance of the purifier 
exceeds the resistance to opening of the relief valve, 
the exhaled air will out of the latter, the apparatus 
will become depleted of air. and the wearer will be com- 
pelled to reduce his rate of exertion, or, in an extreme 
case, to cease using the apparatus. For these reasons, 
care has been taken to bring down the resistance of the 
circuit, and especially that of the purifier, to a minimum. 


the brigade leader. Charged with 5 Ib. of liquid air, 
the complete apparatus weighs about 35 lb. It is made 
by Messrs. Guest and Choimes, Rotherham. f 
Compressed Oxygen Apparatus.—The apparatus which 
goes by the writer’s name was described in the second 
report of the Mine Rescue Apparatus Reseerch Com- 
mittee. Sinee that report was issued the appliance has 
been improved in detail. Here again we have an 
apparatus of the closed-circuit or regenerative class (see 
flow diagram, Fig. 4) in which the expired air after being 
purified by passing through the caustie canister P is 
replenished with oxygen at D, and returns, via the 
cooling tube F, and the breathing bag connected at A, 
to the lungs. The oxygen is stored in. the cylinder C, 
under a pressure of 120 to 150 atmospheres. It passes 
thence through a reducing valve of special design, which 
delivers a constant flow of 2 litres of the gas per minute. 
Such a feed is more than enough for most purposes ; 
any excess blows off by the relief valve R, and in so 
doing tends to rid the apparatus of any nitrogen in it. 
A by-pass is fitted whereby a large excess of oxygen may 
be immediately obtained. The by-pass is necessary as & 
safeguard against the possible failure of the reducing 
valve, inst the chance—a remote one—of the bag 
being suddenly squeezed flat, and is useful in occasionally 
“washing out” the apparatus through the relief valve. 
The latter operation is to expel nitrogen. It is necessary 
that the “air” breathed should be as high in oxygen 
as possible. Nitrogen, whether coming from atmo- 
spheric air originally in the apparatus or from the 
cylinder (commercial oxygen usually contains 2 per 
cent. of nitrogen and argon), is undesirable, and, if 
allowed to collect until it seriously reduces the oxygen 


reentage in the air breathed, may be highly dangerous. 
The cylinder valve (Fig. 5) has been designed to atte the 
maximum of com mess. It is worked by a key 


carried by the leader of the rescue team. hen the 





oxygen has been turned on and the cap B screwed on, 
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the wearer of the apparatus cannot work the valve. 
There have been, in the past, many accidents due to 
men purposely or accidentally turning off their oxygen ; 
the best safeguard against such an occurrence is to pro- 
vide the apparatus with a cylinder valve which cannot 
be closed oe the wearer. 

The oxygen feed gear, carried at the man’s left side at 
waist level, is illustrated by Fig. 6to 10. Itis connected 
to the cylinder at C. The high pressure are in 
metal and the low-pressure parts in aluminium. The 
aluminium is cast on the gun-metal centre, the two 
metals making a strong and gastight combination. 
R is the reducing valve, with an aneroid diaphragm ; 
from the reducing valve box the oxygen flows through 


Fig.4. BRIGGS RESCUE APPARATUS, 
FLOW DIAGRAM. 
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a resistance in the passage r. ‘The resistance consists of 
a tight pad of cotton wool. This diffused type of re- 
sistance is preferable to that of a fine orifice, first because 
it is not apt to be choked by uae particles ; secondly 

cause it can be easily adjusted and thirdly because, 
if the resistance be constant, the law connecting pressure 
in R and volume discharged is nearly linear instead of 
being parabolic. There are two connections to the 
double, edge-reading gauge G ; the first is direct to the 
high-pressure oxygen supply and the second to the re- 
ducing valve box &. There are two pointers and scales 
to correspond (see plan); they register wpertianly 
the cylinder pressure and the pressure in R; but since 
the pressure in R is almost directly as the flow of gas 
through r, it becomes possible to graduate the second 
scale in litres of ous flow per minute. The wearer 
is thus furnished with a flow-gauge of a ane and 
robust kind which enables him to read the rate of supply 
of oxygen at any moment. The reducing valve is set to 
give, during work, a constant flow of 2 litres per minute. 
The by-pass (B, Li, Vi) which enables an excess supply 
of oxygen to be obtained, independently of the reduci 
valve, is operated by pressure of the wearer’s thum 
on the oon-cloth diaphragm B. On releasing the 
pressure the by-pass automatically closes. This arrange- 
ment is preferable to a screw valve. The oxygen from 
the feed gear passes through the nozzle D and « short 
piece of rubber pressure tubing to the breathing circuit. 
The relief valve (R, Fig. 4) functions automatically when 
the pressure in the circuit rises to 3 in. water gauge, 
or it can be opened by hand. 

The breathing ‘bag, which is on the man’s shoulders, 
is bellows-shaped ; the outer side is a flat sheet of 
chemieally-blackened brass which serves three purposes : 
First, it acts as a radiator ; secondly, it gives protection 
against damage, and thirdly by its. weight it ensures a 
positive pressure within the circuit, so that any slight 
leakage is outward, not inward. When there is a large 








leakage it is not possible to keep the bag distended. 


By curving the strong metal tubular frame (which is also | F) 


the breathing circuit) over the bag space, the flattening 
of the bag by contact with the mine roof is made unlikely. 

The purifier (P. Fig. 4) is in two compartments. Into 
each compartment there slides a light tin carrier open at 
the top andends, The ends of a carrier are covered with 
gauze. A pair of carriers are filled and pushed into 
their tive compartments ; the lid of the purifier 
(left-h: end, Fig. 4) is then soldered on and the canister 
is ready for use. The caustic soda which abstracts the 
CO, from the expired air is in the form of granules 
which are supported, in each carrier, by thin wire gauze 
trays or partitions. Several arrangements of gauze 
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have been found suitable ; a good one, illustrated in the 
second report of the Research Committee, consists in 
placing in a carrier, one above the other, a set of 12 gauze 
rectangles, cut to fit the carrier, and stamped between 
dies so that each has received hexagonal depressions 
arranged like the cells of a honeycomb. <A few—not too 
many-—granules are put into each “ cell’ or depression. 
The standard charge is 3 lb. of caustic soda; 2 lb. will, 
however, purify the air during a 2-hours’ spell of con- 
tinual walking at 4 miles per hour sufficiently to keep the 
CO: proportion well below 2 per cent. For use in a hot 
place it is advisable to employ a chan of 4 1b. of soda; 
this keeps the inspired air dry as well as ae and 
air is more rapidly cooled in the tubes and breathing bag 
= damp air. i a a 

he ma of the apparatus (t ining Engineering 
Company, Limited, Moorfields, Sheffield) supply two 
kinds of purifier ; the first, a sealed canister, ready for 
emergency purposes, is intended to be used once only, 
the other is for practice and training, and can be cleaned 
and refilled with ease at a rescue station. The apparatus, 








fully charged, weighs about 36 lb. The photograph, 

ig. 10, gives the general appearance of the apparatus 
when being worn ;. it also shows the head-dregs, mouth- 
piece and noseclip which have been adopted for both 
apparatus. The skull-cap is of skeleton form having 
large spaces for ventilation. A strip of cane is sown 
into the cap and runs from front to back ; it forms some 
protecti gainst a blow on the head. Further pro- 
tective covering may be used as desired. As Fig. 10 
indicates, provision been made for an electric head 
lam form which is certain to come into general use 
at British reseue stations in the next few years. The 
nose-clip, of screw pattern, is held to check-plates sus- 
pended from the cap ; it is of a kind not easy to displace. 





BRIGGS RESCUE APPARATUS; OXYGEN FEED GEAR AND GAUGES. 
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The rubber mouthpiece is also clipped to the check- 
plates ; it is larger than usual to reduce the chance of 
a man sucking in air round it, and it is furnished with 
thicker teeth lugs than has been common in the past. 
Thick lugs compel the teeth to remain open; the wearer 
may thus have firm hold of his mouthpiece while, pre- 
serving sufficieht opening between the rows, of teeth 
to keep down the resistance to breathing. A shaped 
strip of rubber cloth or canvass passes under the chin, the 
ends being caught to the cheek-plates ; the man is thus 
prevented from dropping his jaw far enough to breathe 
over or under the mouthpiece. The straps holding the 
chin support are threaded through the metal cheek. 
plates in such a way that when they are in place the 
wearer cannot remove either mouthpiece or nose.clip. 
The saliva trap is carried in front of the chin; it has a 
discharge valve at the base; the arrangement inside 
resembles that of a non-spillable ink bottle to preclude 
the chance of saliva running back into the mouth. 





Ratway BripGe ror AMsTERDAM,-—-The Commercial 
Secretary to H.M. Legation at the Hague reports that 
the Dutch Railway Authorities have issued a specifica. 
tion for the building of a new railway bridge at Amster- 
dam, tenders for which are to be presented ) November 
14. Further information can obtained from the 
See a of Overseas Trade, 35, Old Queen.street, 
8.W. 1. 


East Lonpon Couiece.—The Registrar announces 
that a course of seven lectures will, be given in the 
evenings of the Michaelmas term by Engineer-Commander 
B. W. Knott, R.N., Superintendent of the Admiralty 
Engineering Laboratory, West Drayton, on ‘ Diesel and 
Semi-Diesel Oil Engines, the Present Position of the 
Heavy Oil Engine, and the Problems involved in its 
further Development.” ‘The course will commence on 
Thursday evening, October 27, at 6 p.m., and will be 
continued on the succeeding Thursdays. Further 

articulars can be obtained from the Registrar, Mile 
ind-road, E. 1. 


New Dynamo anpd Moror Works at Brerston.— 
We are informed that new works, built for Messrs. 
Ingleby and Co., Limited, dynamo and motor manu- 
facturers, at Old-lane, Beeston, Leeds, on a site approxi- 
mateiy 10 acres in area, wefe formally opened on the 
llth inst., by the Lord Mayor of Leeds. The works 
comprise two buildings, the larger of which is of steel 
construction and contains the offices and a large machine 


dry |shop, while the other includes a tool shop, winding 


department and stores. Provision has, however, been 
made for future extensions, ample land being available 
for the purpose. Messrs. Ingleby, it may be mentioned, 
busi in premises sit: in Elland-road, 
Leeds, in 1908, and manufactured a large number of 
eleetric motors for Government factories during the war. 
The new works are capable of turning out motors ranging 
from }b.h.p. to 200 b.h.p., for all industrial purposes. 
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LONDON-LEEDS DINING-CAR TRAIN. 

A weEw dining-car train has just been put into 

service on the Great Northern Railway for use between 
London and Leeds. It is,used for the 10.10 a.m. 
ex-King’s Cross and the 5.30 p.m. ex-Leeds. The train 
possesses many unusual features. It consists of a 
first-class carriage brake, first-class dining car, kitchen 
and pantry car, third-class dining car and third-class 
brake—five coaches in all. These run on six bogies 
only, the train being arranged on the articulated 
system which has been used on the Great Northern 
Railway for several years. This is, however, the first 
time that the system has been adopted for a dining-car 
set and for so large a unit. The arrangement makes 
possible very short vestibule connections which can be 
made more dust- and draught-proof and much quieter 
than those commonly adopted. 
« The seating accommodation of the first-class diner 
is a with single seats on one side of the gang- 
way and double seats on the other, while in the third- 
class diner double seats are provided on both sides 
of the gangwa, . To carry out this arrangement full 
advantage taken of the width allowed by the 
loading gauge, and there is no cramping. The interior 
decoration of all coaches is quite plain, with an absence 
of moulding, and the effect is excellent. Main lighting 
is semi-indirect in the first-class dining car, 12-in. 
alabaster bowls being used for the ceiling lights. 
Independent table lights are also used. In the third- 
class diner opaque glass bowls are used for the semi- 
indirect lighting, and the table lights are omitted. The 
ceilings in both cases are plain white. Extractor fans 
are fitted in the roof in each case, in addition to the 
usual torpedo ventilators, but the usual bracket fans 
are dispensed with. 

The most novel feature of the train is that the 
whole of the cooking arrangements are completely 
electrical. We think we are correct in saying that 
in this respect the train is unique. The kitchen con- 
tains a water boiler of 11 gallons capacity, grill, 
steaming oven, roasting oven, vegetable boilers, 
steaming pans, hot plates, hot cupboards, fish frier, 
kettles, &c, There is also a hot water tank of 44 
gallons’ capacity. The kitchen can furnish meals for 
78 persons at one sitting, and some 105 dinners have 
been cooked and served on one trip. Pilot lamps 
are provided in the kitchen to indicate when any 
cooking unit is switched on or off, and the whole lay-out 
is very neat and convenient. One very clear advantage 
of the electrical equipment is that the kitchen is much 
cooler and the atmosphere better than would be the 
case with a corresponding gas equipment. 

The electrical energy is obtained from two dynamos 
of 6-kw. capacity, each fitted with pole charges. These 
machines are of Messrs. Stone’s make, and are belt- 
driven from the axles in the well-known manner 
adopted by the firm in connection with their electric 
lighting equipments. The dynamos work in con- 
junction with a battery of 80 cells which are carried 
in two boxes below the underframes. The weight of the 
battery is 1,880 lb. Automatic switch gear provides 
against the overcharging of the battery and controls 
the switching in and out of the dynamo as it reaches 
or falls below generating speed. When the battery 
is fully charged any excess current available is switched 
to the hot water storage tank. The water in the tank 
is also heated at terminal stations by plugging on to 
the station supply. The result of the arrangement is a 
very plentiful supply of hot water without it being 
necessary to carry generating plant to heat it, so that 
weight is saved. The plug connection for this terminal 
heating is interlocked with a valve on the vacuum 
brake pipe so that, while the plug is in, a vacuum 
cannot be created and the brakes released. 

The whole of ‘the electrical apparatus for this 
Pmoatapss installation was supplied by Messrs, J. 
Stone and Co., Limited, of Deptford. This firm also 
supplied the lighting equipment. The cooking ranges, 
boilers, &c., were supplied by the Jackson Electric 
Stove Company. The whole train has been con- 
structed at the company’s Doncaster works, to the 
designs and under the personal supervision of Mr. H,. N. 
Gresley, chief mechanical engineer, to whom is due the 
credit of the various departures from normal practice 
which the set embodies, 





Exvecrric Weipine or Cast-Iron AND StTExL.— 
The main reports brought before the meeting of the 
Technical Commission for Foundry Practice of the 
Verein Deutscher Eisengiesserecen, which was held at 
Miinchen last month, under the presidency of Dr. Ing. 
8S. Werner, of Diisseldorf, were papers by Mr, W. Neese 
and by Mr. L. Trenheit, on the “ Electric Welding of 


Cast-Iron and Cast Steel,” giving culars of the 
strength tests of the welds. the wel systems tested 
were those of Bernardos (are with one carbon e 





to. The 
meta! was a Swedish charcoal iron or a soft mild steel. 



























































ENGINEERING. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Cutler's Feast Cancelled.—Although invitations had 
been sent out and arrangements were well advanced, 
the action of; he Master Cutler in cancelling the Cutlers’ 
feast has met with general approval. Both the Duke of 
York and Mr, Austen Chamberlain felt unable to attend 
owing to prevalent unemployment and distress. This 
ancient banquet has several times been omitted owing 
to trade depression locally and domestic causes. The 
official record of the Cutlers’ Company shows that in 
1756 the feast had to be postponed for a fortnight owing 
to the proposal of rioters to dine with the Master Cutler 
at the top table and make any alterations they thought 
fit in the company’s laws. 


Iron and Steel.—The heavy trades of South Yorkshire 
are only partially at work. Improvement is seen in 
isol cases, but generally steel production is on a low 
basis. The same is reported of pig-iron, though a livelier 
demand is indicated in the fact that more furnaces have 
been put into blast. Armament firms are hurriedly 
ra xg Berd contracts in anticipation of work on 
British iralty account. The major portion of the 
J armament order has been got out of hand. 
Continental competition in engineering products becomes 
less keen as the margin between home and foreign prices 
decreases. Many local firms who have had experience 
of the unsatisfactory hey Bd Continental materials 
are only awaiting stability in British prices before placing 
contracts for renewals. Deliveries of steel and castings 
to the automobile industry are confined to a minor 
tonnage, but makers of locomotives and railway materials 
report a fairly healthy inquiry on Colonial account. 
Several substantial orders are in course of completion 
for despatch to South Africa and India. Improvement 
in trade in special steels is very slow. ‘This is due to the 
further unloading of stocks at less than production costs. 
Furnaces are working at approximately one-third of 
their normal capacity. General satisfaction is expressed 
by steel and cutlery firms doing business with America 
at the decision of the Senate Finance Committee to 
re-write the whole of the clauses contained in the Fordney 
Tariff Bill. Considerable modifications - sc nw 
in the import duties originally proposed. rs of 
agricultural implements and Seethincry parts are ex- 
petiencing a very quiet time, but departments producing 
electrical pa meee are well booked up and are em | 
— bigger business than at the corresponding peri 
ast year. 


South Yorkshire Coal Trade.—There is little buoyancy 
in any section of the trade. All qualities are difficult to 
market. This state of affairs has resulted in decreased 
output, and, so far as manufacturing fuel is concerned, 
a general weakness in prices. Stocks of inferior quality 
fuels are accumulating at pits. Increased deliveries of 
gas fuels are going to inland works, due to larger con- 
sumption for lighting purposes, Householders appear 
to be unwilling to prepare for the winter. Merchants 
anticipate difficulty later on in meeting demands, should 
there be a rush to place orders. Cokes are still weak, 
with a slight improvement in foundry sorts. Quota- 
tions :—Best branch icked, 40s. to 41s.; Barnsley 
best Silkstone, 408. to 4ls.; Derbyshire best brights. 
35s. to 36s.; Derbyshire best house coal, 34s. 6¢. to 
35s.; Derbyshire best large nuts, 32s. to 33s.; Derby- 
shire small nuts, 29s. to 30e.; Yorkshire hards, 31s. 6d, 
to 328. 6d.; Derbyshire hards, 30s. 6d. to 3le. 6d. ; 
rough slacks, 17s. to 188.; nutty slacks, 16s. to 17s. ; 
smalls, 5s. to 108, 





Pusiic Works in Imak,—An intimation has been 
received that the Director of Public Works, Baghdad, 
will be glad to receive catalogues and price lists from 

iti exporting buildin, Sea eegineering material 
and machinery. These A etery te sent for forwarding, to 
the De —- of Overseas Trade, 35, Old Queen- 
street, S.W. 1. 





Tae InstirvuTion oF AUTOMOBILE ENGINEERS.— 
The Institution of Automobile Engineers, planning well 
ahead, has ado @ new procedure for its pro, me 
of papers for the winter of 1922-23. The idea evolved 
is that the papers should follow pions the same line, 
a theme being suggested to which all papers will be 
related, from a point of view decided upon by the 
Publications Committee. The subject for the session 
will be the relationship of motor traction in all forms 
to road construction and maintenance. We understand 
contributions are expected dealing with this subject with 
reference to railless trolley traction, roadless traction, 
— of wheels on road surfaces, suspension, weight 

uction, &e. The sphere and scope of the steam lorry, 
and the electric vehicle, will also be dealt with both from 
the makers’ and user’s point of view. 





KxIGHiey AssoctaTion oF ENGINgEERS.—The Keighle 
Association of Engineers opened its winter session with 
a lecture on October 8, the author being Mr. W. M. Selvey, 
, The Heat Balance of an oe Power Station.” 

programme for this year includes monthly meetings 
up to and including March, with the poersee Bon of the 
date in January which is allotted to the annual dinner. 
The Association has adopted an interesting method of 
stimulating practical contributions, by i g an 
essay —— among members, with prizes of 51., 
3l. and 2/. for the best papers sent in on “The Manufac- 


)| ture of Four-jaw Independent Lathe Chucks, 18 in. in 


diam.” Each paper must detail the best method of 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLesBRroues, Wednesday. 

The Cleveland Iron Trade.—A reduction of practically 
20 per cent. in railway carriage of ironstone pet limestone 
has apparently had no effect on the values of Cleveland 
mace The little No. 3 G.M.B. that is being pro- 

uced is readily taken up at 120s.—the figure that has 
ruled for some time past for home consumption—and 
No. 1, which is even more scarce, is put at 1258. Export 
quotations for these commodities are 5s, above home 
rates, but there is hardly any inquiry from abroad. 
Inferior grades of Cleveland iron are plentiful, and are 
offered freely at makers’ fixed minimum — of 
112s, 6d. for No. 4 forge, and mottled, and 1108. for white 
iron, 

Hematite—Home demand for East Coast hematite is 
only moderate, and supply is in excess of requirements. 
More deliveries to Wales are reported, however. Inquiries 
on foreign account are on quite a triflingscale. To home 
customers, as well as for despatch to foreign ports, No. 1 
is 127s. 6d., and Nos. 1, 2 and 3 are 126s. Makers are 
keen to secure Continental business, and possibly some 
firms would entertain offers on export account at below 
the foregoing quotations. 


Foreign Ore.—Consumers of foreign ore are not in the 
market to buy, and as they still have large stocks, and 
substantial deliveries yet to come forears 4 in fulfilment 
of old contracts, there seems little likelihood of renewal 
of business to any extent for some time. Best rubio is 
nominally 27s. 6d, c.i.f. 


Coke.—Sellers continue to ask more for coke than local 
users are inclined to pay, naming round about 32s. 6d. 
for Durham blast furnace kind delivered, whereas 
consumers consider the outside price should be 30s. 


Manufactured Iron and Steel.—Foreign demand for 
corrugated sheets has been growing, but with this 
exception, orders for practically all kinds of finished iron 
and steel have been exceedingly difficult to secure, but 
this week’s record reductions in prices should surely 
bring customers into the market. Certain it is that 
further fall cannot be looked for for some time, as, at 
present market rates, producers must run their works 
at heavy loss. Among the cp we quotations are :— 
Common iron bars, 14l.; steel billets, 10/. 108. to 111. ; 
steel ship plates, 101. 10s.; steel angles, 10/.; steel 
boiler plates, 14/.: steel joists, 101. 10s.; heavy steel 
rails, 101. 108.; fish plates, 15/. 10s.; black sheets, 
151. 10s. to 161. ; and corrugated galvanised sheets, 191. 





Exptosion or a Steam Stop Vatve: ERrratuM.— 
In connection with the report of an explosion of a steam 
engine stop valve, of which a summary was given on 
page 537 of our last issue, an inversion unfortunately 
appears in the fifth B ee. gy oe The words “ 4-in. solid 
bore drawn pipe ” shoul ve read ‘“‘4-in. bore solid 
drawn pipe.”” In the last raph but one the first 
line should read: “ Presuming that the steam pipe was 


subjected to no bending stress, &c.,”’ inste of “to 
bending stress.” 





Tue Junior Institution or Enorneers.—A Local 
Section of this Institution was successfully inaugurated 
at Loughborough, Leicestershire, on Wednesday, 
October 5.. The president, the Right Hon. The Lord 
Weir of Eastwood, P.C., took the chair at the inau 
meeting held at Loughborough Town Hall; the chair- 
man of the Institution, Mr. B. E. Dunbar Kilburn, M.A., 
and other officers from headquarters were present. 
There was a large attendance of engineers of all ages. 
The resolution that the section be established was put 
by the chairman and carried unanimously. Lord Weir 
then inducted Mr. H, Schofield, M.B.E. (principal of 
Loughborough Technical College) as its first chairman. 
The new section will have its headquarters at the college, 
a meeting room and equipment having generously been 

rovided by the governors. Persons resident in the 
istrict desiring further information should ap’ y. to 
the Local Hon. Secretary, Mr. G. Mavor, The College, 
Loughborough, Leicester. 





Ercutne AGENT FoR CHROME STEELS AND TUNGSTEN 
Srrets.—Last year K. Honda and T. Murakami recom- 
mended an alkaline solution of ferric potassium cyanide 
as etching agent for steels containing chrome and 
tungsten. They d the exist in ch steel 
of t compound carbides, consisting of CrgC and of 
varying numbers of molecules of FesC, viz., 18 in the a 
carbide, 9 in the 8 and 1 in the y carbide ; these com- 
pounds were coloured differently by the cold or hot 
reagent. The same etching agent was further to colour 
the tungsten carbide FegW brown or blue in high-speed 
steels containing more than 12  ccadpeon of tungsten. 
Dr. Ing. K. Daeves, testing t reactions in the 
Bismarckhiitte, Upper Silesia (Stahl und Hisen, Septem- 
ber 8, last) recommends for the berg solution the 
mixing of 100 grammes of water with 10 grammes of 
caustic soda and 20 grammes of ferric potassium cyanide ; 
the solution is apt to decompose, fan yey. | when hot, 
and the specimen should be imme: or 15 seconds or 
20 seconds in the cold or hot solution. The steels tried 
contained up to 2-2 per cent, of carbon, 11-5 per cent. of 
chromium and 19 Ps cent. of tungsten, Baoves did 
not confirm all the observations of the Ja 











making patterns, of moulding, machining and assembling 
fore thoner 15 capete. A dra of the chuck is 
provided. The competition is open till December 9. 





i tigators. In particular he did not find the 
inves 4 cular n 
lution to be as al indicator of the of the 


carbide FeeW. t he found the reagent useful for 
sure that the limit of the solubility of the carbon 
in the eutectic had not been exceeded. 
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NOTES FROM THE NORTH. 
Guaseow, Wednesday. 

State of T'rade.—There has been very little change in 
the state of trade in, general throughout the country 
during the past few weeks. Employment is very bad, 
as there is little demand for material of any sort. All 
trades are suffering, and with so many thousands of 
workers idle there is not much money available for 
anything beyond the actual necessities of life. Prices 
of most commodities have been coming down, and that 
is the first step towards better trade. Although con- 
ditions show no © there certainly prevails a more 


optimistic spirit, and the outlook in several directions 
seems brighter. 


Scottish Steel Trade.—In the Scottish steel trade 
there is not much ,business passing, and conditions are 
still so bad that a Kind of day-to-day existence is all too 
generat. Orders are not easily picked up, as the difference 
between the Continental and the home prices is appreci- 
able from the buyers’ point of view. ‘the cost of pro- 
duction continues very high, and is not coming down 
fast enough to enable the home article to be put any- 
where near that of the foreign producer, but in anticipa- 
tion of a further fall and to stimulate business the 
Scottish steelmakers resolved, at a meeting here, on 
Monday of this week, again to cut prices. Boiler plates 
were reduced 60s. per ton, ship plates and angles 30s. 
per ton, and blooms 208. per ton. At the prices now 
named it is very doubtful it the makers have any margin 
of profit left, and it is generally agreed by all—except 
perhaps the actual worker—that wages and all on-cost 
charges must come down considerably before any 
activity in the trade can be expected. Labour has got 
to work hand in hand with capital, and the sooner the 
worker recognises the fact that half a loaf is better than 
no bread at all, the sooner will we get back to active 
conditions in our works. The policy of holding out 
for @ high standard of, say, 41. per week and only getting 
two or three days’ employment per week, bringing him 
in 308. to 40s., is of little use to the worker when by 
accepting a standard of, say, 31. per week, he could get a 
full week’s work. Principle is involved perhaps, but if 
we are to regain our old position in the commercial 
world ail must be, prepared to make some sacrifice. 
‘there are many buyers with business to give out, but 
they cannot aliord to enter the market until prices are 
easier, and the steel-makers have now cut profit out of 
their calculations in the hope of securing more orders 
to save completely closing down their establishments. 
A goodly number of inquiries are going around again, 
but local prices are still little inducement, and while 
producers are free to fix export business, at their own 
figures, they know that every ton accepted means a 
definite loss, For home delivery the following are 
to-day’s quotations, and in each instance they are about 
50 per cent. under the figures quoted at the beginning 
of the year :—Boiler plates, 16/. per ton; ship plates, 
i2l. 108. per ton; angles, 12/. per ton; blooms, 12l. 
per ton ; rounds, squares and flats, 12/. 10s. per ton, all 
= at Glasgow stations and subject to the usual extras, 

Black Sheets Reduced.—The Scottish Black Sheet 
Makers’ Association held a meeting in Glasgow yesterday 
(fuesday) when, among other matters discussed, was 
that of current prices. After some consideration it was 
decided to make another reduction amounting to 30s. 
per ton. The basis price of }-in. black steel sheets will 
now be 13/. 15s. per ton, net, delivered Glasgow or 
equal. 

Malleable Iron Trade.—No improvement falls to be 
recorded in the malleable iron trade of the West of 
Scotland this week, and conditions are almost unaltered. 
Orders are so scarce that part of the plant is usually 
quite sufficient to overtake all the business, and even 
that part is not being kept running for the full week. 
When the price for “crown” bars was reduced lately 
to 14l. per ton it was thought that an increase in demand 
might follow, but so far the response on the part of 
buyers has been rather disappointing. 


Scottish Pig-Iron Trade,—Business in the Scottish 
pig-iron industry is not very enco ing, and even the 
lower prices now prevailing have failed to induce con- 
sumers to fill up theirstocks. ‘There are 18 furnaces now 
in blast in Scotland, but only a portion of the output is 
beingtaken up. Local buyers continue to keep out of the 
market and are somewhat averse to committing them- 
selves so long as the general industrial depression pre- 
vails, or until the outlook becomes at least a little 
brighter. Export business is very quiet also. 


Institution of Engineers and Shipbuilders in Scotland.— 
The opening meeting for the session of the Institution 
of Engineers and Shipbuilders in Scotland took place last 
night in the Institute headquarters, in Elmbank-crescent, 
Glasgow. Mr. Harold E. Yarrow, C.B.E., the new 
president, delivered his first address, and in which he 
dealt at some length with the recent developments in 
design and construction of high-speed vessels. 
maintained that much of the progress was due to scientific 
and industrial research, oak said that he knew of no 
form of expenditure which a Government might sanction 
that would ultimately yield a better return than money 
spent in encouraging research. Mr. A. D. Bruce read 
a paper on “ Some Factors Limiting the Power of Diesel 
Engines.” 





Tue Instirurion or Gas EnGrvgeRs—ADDENDUM.— 
In our article last week, on Recording Gas Calorimeters, 
the name of one speaker was not given in the first 
column and of page 547. The speaker 
was Mr. J. B, r, of y. Lower down in the 
same column a misprint was overlooked : a calorimeter 
of the Boyd pattern should read Boys pattern, 
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NOTES FROM THE SOUTH-WEST. 
Carprrr, Wednesday. 

The Coal Trade.—The only bright spot in the coal 
trade is the fact that the contentions of the South Wales 
coalowners in respect to\their wages liability for Septem- 
ber and October have, been upheld by Sir William 
Plender, independent chairman of the National Coal 
Board. me. the a between the owners and the 
Mines partment with respect to the w liabilit 
of the former for September, Sir William hee fixed ‘that 
liability at 68 per cent., as compared with the Mines 
Department’s figure of 97 per cent., which means about 
2s. 6d. per ton less for the coal owners. In connection 
with the October wages, Sir William has decided that 
the July profits, which were absorbed in August, cannot 
again be taken into account for the October wages, and 
thus the percentage above the 1915 standard has been, 
fixed at 79-03, which is 27-35 per cent. more than the 
owners’ offer, but 32-79 per cent. less than what the 
workmen calculated they were entitled to. The Midi 
Railways of France has piaced orders with four e: i 
firms for 50,000 tons of large at 25s. f.0.b., 50,000 tons 
of through at 19s. 6d. f.o.b., and 50,000 tons of patent 
fuel at 2s. f.0.b., delivery over the whole of next year. 
Average export prices in September showed a further 
reduction. Large coal shipped from Cardiff averaged 
36s, 4d. per ton f.o.b., against 43s. 6d. in August, throughs 
248, 8d. against 328. 6d., and smalls 16s. 10d. against 
21s. 3d., while large exported from Swansea averaged 
34s., compared with 40s. 7d. in August, throughs 25s, 3d. 
against 40s. 7d., and small 21s, 6d. against 248. 6d. 
‘hough many collieries are on stop or working short 
time the quantity of large coal available is in excess of 
the demand. Seilers, however, refuse further to modify 
their quotations, which are on the basis of 30s. for best 
Admiralty large and best dry large, and 27s. 6d. for best 
Monmouthshires. Smalls of practically all classes are 
scarce as a result of the it stoppages, and 
for the best qualities 19s. is combined, with i les 
round 188, and 15s. Many sellers refuse to 
sell small without large. The question of the reduction 
in railway rates and dock charges is being considered 
by traders and the railway and dock companies. 

Shipping Failures.—Two of the leading South Wales 
shipping companies are in serious financial difficulties, 
and both propose the formation of new companies. The 
first is the Western Counties Shipping Company, Limited, 
with an ordinary share capital of 2,250,000/., and the 
other the Maindy Shipping Company, Limited, with a 
share capital of 20U,00ul. The Western Counties 
Company, which owns 15 steamers of 94,000 tons dead- 
weight, propose to wind-up the present company and 
to form a new company with a capital of 460,000/., in 
shares of 4s. each. They state that a foreign Govern- 
ment has offered to take, if required, up to 65 per cent. 
of the capital of the new company. ‘Ihe Government 
mentioned is that of Czecho-Slavonika, and it is pro- 
posed to buy the ships of the oldcompany. The Maindy 
Company are in difticulties b their bankers have 
intimated that they can no longer carry the overdraft 
of about 280,000/. This company owns 7 steamers of 
about 29,000 tons, and it is proposed to form a new 
company with a capital of 100,0001. in shares of 10s. 
each. Whether the shareholders in the two unfortunate 
companies subscribe to the proposed new concerns 
remains to be seen. 











Untversat Box Sranner.—A modification of the 
usual form of box spanner has been brought out by 
Messrs. W. Crockett and Sons, Limited, 64, Darnley- 
street, Glasgow, and should prove useful in many 
awkward positions. The feature of this spanner is that 
the box head is connected with the shank by a universal 
joint, which allows the latter to be canted to clear 
projections, &., so that the tommy bar used may be 
turned without striking other parts. The device is a 
variation of the principle underlying the use of a bent 
tommy bar, which, on occasions, may be set to clear 
obstructions. In the device under notice the allowance 
is provided in the spanner itself instead of the bar. 
The end of the spanner is provided with holes for a 
bar, and is also hexagon-shaped, and to Whitworth 
standard, so that a standard spanner may be employed 
if desired instead of a bar. The spanner is made in stock 
sizes from fin. to | in. 





Grease Cup FILLter.—Messrs. Trier Brothers, Limited, 
36, Victoria-street, Westminster, 8.W. 1, have recently 
brought out a device intended to facilitate the filling 
of grease lubricators, &c., without soiling the hands. 
This is especially intended for use with 7-lb. tins such 
as are used with Stauffers’ lubricant, and are provided 
with a sealed opening in the bottom, or a suitable 
receptacle for permanent use to be filled from casks, &c. 
The device is called a grease “extruder,” and consists 


He | of @ top and base coupled together above and below the 


7-lb. tin to be used, by bolts hinged to lugs in the base 
and fitted with knurled nuts engaging with forked ends 
of the top. The top consists of a bridge piece which 
serves to support a vertical screw which is plunged in 
the grease to the bottom of the tin. This screw is fitted 
with a bevel operated by a small crank handle and 
bevelled pinion. The screw carries @ nut taking the 
form of a leather-packed piston the diameter of the tin. 
As the handle is turned this piston is forced down upon 
the grease, which is by this means squeezed out of the 
— in the ang the tin ment base, - From the 
atter it emerges t a spout from which syri " 
lubricators, &c., can we filled In addition to elliae 
soiling the hands the device has the advantage of keeping 
the grease free from grit and dust which is so often in 
tins which frequently have to be opened, 
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NOTICES OF MEETINGS. 





Tae Lystrrvte or TRansrort.—Friday, October 21, 
at 5 p.m., at the Royal Society of Arts, John-street, 
Adelphi, a meeting for Graduates and Students will be 
held, when Mr. M. t will deliver a lecture on “ Water 
Transport—Coastwise Shipping of the United King- 
dom.” Sir H. P. Maybury, 4.C.M.G., will be in the 





chair. 


Tae Kerestzry Association or EnormmEers.— 
Monday, October 24, visit to the glass-bottle works 
of Messrs. Bagley and Co., Limited, Knottingley, leaving 
Keighley (M.K.) at 12.5 p.m. 


Tue SHEFFIELD ASSOCIATION OF METALLURGISTS AND 
METALLURGICAL CHEMISTS.—Monday, October 24, at 
7.30 p.m., in the Mappin Hall, Department of Applied 
Science, Sheffield. Sir Robert A. Hadfield, D.Met., 
F.R.8., will deliver an Address, This meeting will 
take the place of the meeting on Tuesday, October 26, 
and is to be re as the monthly meeting, members 
being at liberty to introduce friends. 


Tue Instrrution or Civi Enoingers (YORKSHIRE 
ASSOCIATION).—Monday, October 24, at 7.30 p.m., at 
the Hotel Metropole, Leeds, Professor G. F, Charnock. 
M.Inst.C.E., will read his Presidential Address, 


Tae Instirure or Marine Enarvesrs, Incor- 
PORATED.— Tuesday, October 25, at 6.30 p.m., 
“‘Modern American Methods in Winning and Preparing 
Coal,” by Mr. J. H. Anderson, Member. 


Tue LIystirvre or INDUSTRIAL ADMINISTRATION. 
Tuesday, October 25, at 7 p.m. “‘ Limits of Centralisa- 
tion in Industrial Administration.” 


Tae Instrrution or Locomotive ENnGIngERs.— 
Thursday, October 27, at 7.45 p.m., at Caxton Hall, 
Westminster, when the president (Colonel E,. Kitson 
Clark) will deliver his Presidential Address. ‘’he chair 
will be taken by Mr. W. Pickersgill, C.B.E., retiring 
president. 





Tae Junior InstrrvTion or Enorverrs,—Friday, 
October 28, at 8 p.m., at Caxton Hall. “ Water Gas 
Manufacture,”’ by Mr. F. Colin Sutton (Member). 





Pusric Works, Roaps mah vagy eres ———— 
The preliminary programme this congress has now 
oon “ienued. ‘Lhe congress will be in London 
on November 18, and will continue until the 25th, when 
a number of papers will be read and discussed. Simul- 
taneously, and in connection with the congress, there 
will be a Public Works, Roads and Transport Exhibition 
at the Royal Agricultural Hall, Islington. JI'urther 
information can be obtained from the Exhibition Offices, 
13, Victoria-street, London, 8.W. 1. 





Tue Perroteum Prositem.—Addressing a meeting 
of the London Chamber of Commerce, in Cannon-street, 
last Monday afternoon, on the Petroleum Problem, 
Mr. A, Beeby Thompson, M.I.Mech.E., arrived at 
the conclusion that the oil position of the Empire is less 
precarious than is usually suspected. Various arguments 
pointed to that conclusion, American and other esti- 
mates had prophesied an exhaustion of natural oil within 
seventeen PB peed. but those estimates were based on 
@ period unexampled commercial prosperity on the 
one hand and on the isolation of Russian and Rumanian 
petroleum on the other. America produced 62 per cent. 
of the world’s oil output (5,500,000,000 barrels), and the 
British Empire 2 per cent. But America had developed 
4,500 sq. miles of oil territory, the Empire 70 sq. miles. 
Pioneer petroleum work had been done by Alfred Stuart, 
who sunk the discovery well at Grosny, and by other 
British engineers and business men all over the world, 
even in Alaska and Spitzbergen. British capital con- 
trolled 15 per cent. of the oil output of the world. The 
= output of American fields might be 6,740,000,000 

ls; Burmah now produced 8,000,000, Trinidad 
3,000,000, 1,500,000, Borneo 1,000,000 per annum. 
Many fields still awaited prospecting; Palestine pre- 
sented possibilities of no mean order, the foothills of the 
Himalayas fringing Bengal, East Assam, Kashmir, Afghan- 
istan, Baluchistan, would not long remain neglected ; 
the promising areas of Mes ia were certainly very 
large. There was another important feature. Most 
of the American oil—though not that of California 
and of the Gulf States—came from the oldest palwozoic 
strata; all British oilfields were located in recent 
tertiary or cretaceous formations, and these latter had 
everywhere proved far more prolific than the old strata. 
If the old strata in general yielded 2,000 barrels to 
10,000 barrels per acre, the tertiary and omeey- 
mesozoic fields gave 30,000 barrels to 60,000 barrels. 
Most of the spectacular wells were associated with these 
recent formations, to which 60 per cent. of the world’s 
production up to date could be aseribed. Then there 
was the extraction-ratio. It was believed that from 
50 per cent. to 75 per cent. of the oil remained un- 
abstracted by methods now in use, and the oil and 
pee resources of the Empire had not been spent 
vishly as those of America, Thus Mr. Thomson 
looked forward to further pleasant surprises in oil 
discoveries. But he pleaded for unrestricted facilities 


in devel t; he de the partitioning of 
the Mesopotami ian Seid ened the actual oil 
policy which could only lead to reprisals, particu- 


y as we remained largely dependent upon America 
for plant. 
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STANDARDISATION IN THE MOTOR 
INDUSTRY. 
ALTHOUGH we have mentioned it before, it is well 
worth repeating that in the twelve months ending 
October, 1920, the value of our automobile imports 


-} more than equalled the total value of our exports of 


agricultural machinery, electrical machinery, boilers, 
machine tools, prime movers, locomotives and tex- 
tile machinery. The figures were given by Lord 
Weir in his presidential address to the Junior 
Institution of Engineers last December. We cannot 
say how matters will stand for the corresponding 
year closing at the end of the present month, but 
in view of the state of our export trade we hardly 
expect them to be any better. It will be admitted 
that for an engineering nation this record is not very 
satisfactory. In some way and for some reason this 
country is not taking the place it should in the 
group of industries which have been called into 
being by the invention of the petrol engine. The 
matter is a serious one, the group being unquestion- 
ably among the most important in the whole range 
of engineering manufacture. 

Any discussion of this subject at the present time 
is of necessity coloured by the very serious condition 
of both home and foreign trade. This condition is 
in no way peculiar to the motor industries, but in 
some respects they have been unusually hardly hit. 
As is well known the majority of our motor car 
manufacturers were during the war engaged on 
other branches of work, and as a consequence the 
Armistice found them in no position to cater 
properly for the business which offered, while the 
very extensive arrangements which were subse- 
quently made to take advantage of the post-war 
boom were little more than completed when the 
boom had become a slump. These conditions 
applied very generally to the motor car trade, and 
while the maker of commercial vehicles. was not 
usually affected in quite the same way as the car 
builder, his market was seriously interfered with by 
the sales of ex-army lorries. 

Before the war the motor trades in this country 
were in a reasonably prosperous condition, although 
it is doubtful if even then they were holding their 
own with American competition. No profit, how- 
ever, lies in a discussion of the possible present 
position of the British motor industry on the 
assumption that there had been no war. Things 
must be considered as they are, and there is no doubt 
but that American manufacturers have now ob- 
tained a very valuable position both in foreign trade 
and in our home trade. In this connection it is 
interesting to note that a survey of the programmes 
and products of British firms during the last three 
years suggests that the car builders have in the 
main devoted their consideration and efforts to the 
development of home markets. This has probably 
been a reasonable proceeding, in view of the poten- 
tialities of that market. As Lord Ashfield pointed 
out at the dinner of the Institute of Transport 
last week, there is one motor car to every I1 
inhabitants in the United States, while in this 
,|country the proportion is only | to 43. It is 
impossible to say if the motor car density in Great 
Britain will ever equal that of the United States, 
but in any case there would appear to be a very 
considerable potential market here. 

Admitting this, however, it is clear that if the 
whole of the programmes we were treated to some 


585|two years ago had materialised, the total product 


could not all have been sold in this country, and it 
would probably be of value if one or two of our firms 
would concern themselves particularly with the 
Indian and Colonial markets. The British car is 
588 | mostly designed under disabilities imposed by taxa- 
tion rules, and we submit it is at least worth con- 
sidering if a wide-gauge, high-road-clearance, 
Colonial model built without reference to home taxa- 





tion, might not prove a profitable investment by a 
British manufacturer. Questions of this .kind, 
however, as well as the question of the cultivation 
of the potential demand that may be supposed to 
exist in this country, al! however in the long run 
lead back to the question of economical production. 
Economical production) does not necessarily mean a 
cheap car, and very large trades are done in the 
United States with cars differing very materially 
from the Ford. They are not cheap.in the ordinary 
meaning of the word, but they are very good value 
for the money they cost. 

This question of economical production is really 
the beginning and end of the British motor car 
problem, and any information or considerations, 
which will help towards lower manufacturing costs 
is to be welcomed very genuinely. For this reason 
we look upon the Presidential Address delivered by 
Mr. G. W. Watson before the Institution of Auto- 
mobile Engineers on the .12th inst. as of greater 
value than many presidential addresses to which we 
have listened. Mr. Watson termed his address 
“ Industrial Standardisation,”’ which is a somewhat 
wide subject, but fortunately it was essentially 
concerned with standardisation in the motor in- 
dustry. Standardisation is a subject which 
engineers in general will have heard something 
about, but judging from some of their proceed- 
ings one wonders if our motor car builders have 
missed it altogether in their somewhat chequered 
careers. It is but some few months ago that we 
had occasion to point out that on 61 motor vehicles 
examined in France during the war there were 65 
different sections of steel employed for the springs, 
lying within a range of from 1} in, to 4 in. wide, 
and yet the Engineering Standards Committee was 
formed in 1901. 

Mr. Watson referred to the special difficulties 
engendered in connection with mechanical transport 
in war when there is a complete lack of standardisa- 
tion between different makes of lorry. This is a 
very important matter, but is one for the military 
authorities rather than the ordinary manufacturer. 
His immediate interest in the matter is, and ‘must be, 
that standardisation may enable him to build more 
cheaply. Than this nothing can now be of more 
interest to him and to the country at large. That 
a proper system of standardisation would cheapen 
production requires no demonstration. The matter 
is obvious. We are not prepared to say that the 
more standardisation the more benefit. It would. no 
doubt, be quite possible to go too far, but in the 
early stages certainly the more standardisation the 
more benefit. If steel for leaf springs alone is 
standard the manufacturer may possibly be required 
to roll only ten sections instead of sixty. He can 
thus roll it more cheaply, and it can be bought and 
sold more cheaply. It would reduce the price of 
British cars—not much certainly, but cheapness in 
repetition manufacture is partly obtained by con- 
centrating on details. If brake shoes were then 
standardised one would have the cheapening of a 
further item, and the process could with profit be 
carried very far. 

To do justice to the motor car trade it must be 
admitted that there have long been some manufac- 
turers who have realised the importance of this 
question, and Mr. Watson relates that shortly after 
September, 1910, a Committee was called together 
to consider the matter. He continues, however, 
that “ the personal element was so strong that only 
a very meagre degree of standardisation was 
upon,” and even this was not carried into effect by 
more than half-a-dozen makers. We are afraid 
this quotation explains the backwardness of stand- 
ardisation in this trade. As the motor car industry 
first developed in this country it was largely in the 
hands of enthusiasts, who were not always engineers, 
and the value of individuality in car design became 
over accentuated. ‘This point of view persists even 
to this day, and too mary makers ‘would appear: to 
think that some extra virtue lies in the use of a 
distinctive detail for which a standard part would 
be an entirely satisfactory substitute. For a very 
limited trade and a very limited class of car there is 
something to be said for the peculiar detail, but if 
the motor trade is to take the place its importance 
deserves in the range of engineering manufacture, it 
must be realised that the best machine at the 
lowest price are qualifications far ontweighing ‘the 








574 


ENGINEERING, 


value of five-sided nuts or any other such distinctive | actors and the like, In short, as Mr. Petter insisted, 


feature. 

Of late years something has, of course, been done 
by the British Engineering Standards Association 
on the standardisation of automobile details, and 
some eleven specifications are in being covering 
sparking plugs, wheel rims, ball-bearings, &c. The 
work is being carried on by seven sub-committees 
of the Automobile section of the Standards Associa- 
tion, and they may be expected to do much to help 

'@ valuable movement forward. The standardisa- 
tion of a large number of details may not in itself 
be enough to bring British production costs down to 
those of the United States, but it will help in that 
desirable direction. As Mr. Watson pointed out, 
“needless differences may be found in every 
factory where specialised articles are made, as, for 
instance, pistons, piston-rings, spring-shackle pins, 
&c.” If such details as these can be standardised 
so that they can be made in really large quantities 
by specialising firms, it will do much to reduce costs. 
A movement of this kind well started may or may 
not develop to such an extent that the “ assembled ” 
car becomes a common British product. With our 
relatively limited home market as compared with 
that of the United States it is possible that we could 
not effectively compete in the assembled car for 
many years, but in any case standardisation need 
not be pushed to the limit. It is indeed not likely 
to be, but certainly it may, with profit all round, 
be carried very far beyond the point at which it 
now stands. 





THE INDUSTRIAL CRISIS. 

A rew months back the Sheffield steel works were 
brought to a standstill as a consequence of the 
pitmen’s proneness to profiteer, but to-day, whilst 
their sidings are filled with coal-laden wagons, 
many works have whole departments idle, simply 
because orders are unobtainable at prices compatible 
with present labour costs. The industrial situation 
is indeed most serious. In his interesting address 
delivered last Wednesday to the Industrial League 
and Council for the Improvement of Relations be- 
tween Employers and Employed, Mr. E. W. Petter 
declared that the emergency is as acute as that which 
led some of the trade unions during the war to 
suspend certain of the more pernicious of their 
restrictions on output, and he contends that a similar 
concession is equally imperative to-day. To some 
extent no doubt some of the restrictions at present 
in vogue originated in the belief that by increasing 
output some other man would be deprived of a job. 
In a certain sense this is perfectly true. For 
example, it is reported this week that a South 
African contract for work to cost half a million has 
gone to America, because although the American 
mechanic is paid at higher rates than the British, 
his output is more than proportionately greater, so 
that the total labour costs are actually lower than 
here. In this sense therefore the high output of the 
American workman is depriving other men of a 
job, and no doubt if our own trades unions would 
agree to promote increased output by their mem- 
bers, German and Continental workmen generally 
would lose jobs which, as matters stand, will 
eventually be captured by them. 

It is very remarkable what very curious ideas 
many workmen possess as to the relative receipts 
of capital and labour. A few months back a writer 
in the organ of the Patternmakers’ Society based 
an argument against payment by results on the 
hypothesis that, in normal conditions, profits were 
three times the wages cost. On this head some 
interesting statistics were published in Germany 
two or three years ago. In these it was shown, 
taking exceptionally pcosperous manufacturing 
companies paying dividends far above the average, 
that the divisible profits per employee were some 
121. 10s. per annum (taking the mark at its pre-war 
rate). The average return in this country before 
the war was, for the engineering trades, of the order 
of 81. to 91. per employee per annum, and for this 
return the workman was provided not merely with 
material, tools, power, light and guidance, but a 
market was also found for his products, which in 
the ultimate outcome have to be exchanged for the 
products of men engaged in other pursuits, or for 
the services of doctors, journalists, postmen, cinema 





















the consumer is in all cases the real employer, and if 
the workmen produce goods at prices which as con- 
sumers they reject, they are, in fact, refusing to 
employ themselves. 

Mr, Petter, whilst recognising that large individual 
incomes do excite the envy of the less intelligent of 
the commonalty, maintains that on the whole it is 
better that the capital of the country should in the 


main be in individual hands rather than in that of }; 


the State. This is certainly in accord with all past 
and present experience, and Mr. Petter pointed out 
one very important factor which is largely respon- 
sible for this. The individual capitalist is much 
more concerned in stopping waste than any public 
official. Waste impoverishes the community as a 
whole, and not merely the immediate sufferer. The 
present industrial crisis is the result of the 
stupendous waste of wealth during the war, 
aggravated no doubt by much additional waste 
since the Armistice, part of which was probably 
unavoidable, in view of the actual conditions. Much, 
however, was by no means inevitable, but the fault 
was less attributable to the errors of a much harassed 
and overworked Cabinet than to the obtuseness of 
organised Labour. We note from the presidential 
address of Mr. W. J. Noble that already this year 
77,000,000 working days have been wasted through 
strikes. So serious has the situation become in the 
shipbuilding industry that our former prepon- 
derating position is now seriously threatened. 
During the war British tonnage decreased by 13} per 
cent., but this figure greatly under-estimates the 
effective loss. Our heaviest losses were, in fact, 
on our largest and most up-to-date vessels, and thus, 
although our tonnage is 400,000 tons gross more 
than in 1914, it is not, he states, nearly as efficient 
for transportation purposes as it was before the war. 
Moreover, in 1914 we owned 44} per cent. of the 
world’s tonnage, and this position was secured by 
the extraordinary pluck with which our shipowners, 
shipbuilders and engineers took pioneering risks. 
Now our proportion of the aggregate tonnage is 
but 35} per cent. of the gross total, and, as stated, 
the ships are relatively less efficient. With building 
and repairing costs at present figures it is difficult 
to see how the situation is to be retrieved, but as 
American experience has shown, there is no invari- 


able relationship between rates of wages and labour 


costs, and it is the latter which must inevitably be 
reduced. With the willing co-operation of the men 


this reduction of labour costs may be effected with 
a relatively small diminution in rates of pay; but 
if this co-operation is not forthcoming very heavy 
cuts in wages will be unavoidable if work is to be 
found for our yards. After all, we have to support 
some 47,000,000 people on an area which, if self- 
contained, could not yield a living to one-half this 
number. 
our products for those of other countries, but this 
exchange cannot permanently be other than an 
equitable one. 
Argentine will not in the long run be content to 
give more of his product than formerly in exchange 
for the products he purchases from us. 


Hitherto we have succeeded by exchanging 


The producer of meat in the 


In his address Mr. Petter stated that many people 


had said to him, “‘ Starve, why I will steal before I 
starve.” 
the Poor Law effectually provides against the risk 
of actual starvation in this country, such observa- 
tions show a remarkable lowering of the ethical 
standard of the community as compared with a 
couple of generations ago, 
hardly have been possible to find outside of the 
limits of the “ intelligenzia ” (so called on the lucus 
a non lucendo principle), any one capable of such a 


Irrespective of the consideration that 


It would at that time 


remark as the foregoing. There are, we believe, 


certain tribes on the North-Western frontier of 


India whose lands are so barren that they maintain 


that they can only conserve their existence by 


periodical raids on the industrious husbandmen of 
the lower levels, but even here there is a limit to 
the amount that can be stolen without the husband- 
men migra wre elsewhere. ” doubt the looting of 
provision granaries and stores ight 
relieve the immediate wants of ag au 8 a 
locutors, but, as in Russia, the ultimate effect would 
merely be to make more certain than ever the 
ultimate starvation of the raiders. Our farmers 
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would cease to produce more than they needed for 
their personal requirements, and there could be no 
replenishment of the stores derived from overseas. 





_ RESEARCH AND PROGRESS IN 
SHIPBUILDING. 

Ar first sight the present time of stagnation’ and 
depression may not seem the most opportune for 
ing expenditure on research in the shipbuilding 

» but more careful consideration will show 
that such expenditure may nevertheless be well 
advised. If it be admitted that progress in the 
past has been furthered by research of the right 
kind, it will probably be allowed that a similarly 
beneficial effect is to be anticipated in the future, 
and there can be no question that any stimulus 
which can help to restore the industry to a position 
of prosperity should be applied at the first possible 
opportunity. That research may provide such 
a stimulus, we gather, is the view of Mr. Harold E. 
Yarrow, C.B.E., who, in his presidential address to 
the Institution of Engineers and Shipbuilders in 
Scotland, delivered on Tuesday last, traced the effect 
of scientific research in connection with the develop- 
ment of high-speed craft of the torpedo-boat type 
during the last fifty years, and advocated its more 
extensive employment in the future. 

He pointed out that the speed of such vessels had 
increased from about 154 knots in 1872 to 40 knots 
at the present time, and ascribed this progress to the 
cumulative result of investigations by naval archi- 
tects, marine engineers and metallurgists. The 
form'of the hull, he pointed out, had, through tank 
experiments on models, been modified to secure the 
minimum resistance, and, as further evidence of the 
value of this work, he mentioned that the average 
fuel consumption over a wide range of ships had been 
reduced by 5 per cent. by model experiments at the 
National Physical Laboratory. Mr. Yarrow also 
referred to investigations carried out to ascertain 
the effect of shallow water on high-speed craft, 
explaining that it had, at first, been thought that 
the speed was reduced :n shallow water. Experi- 
ments with a destroyer had shown, however, that 
the speed was unaffected in water over 180 ft. deep, 
was considerably reduced at a depth of about 
90 ft., but increased again at depths ranging from 
30 ft. to 50 ft. With regard to progress in- con- 
structional materials which had enabled much 
lighter and stronger scantlings to be employed than 
was formerly the case, Mr. Yarrow referred to the 
work of metallurgists which had led to the intro- 
duction of nickel steel and high-tensile steels. 
Bronze for propellers and special steels for machinery 
parts, he pointed out, had also resulted from 
metallurgical investigations. In the matter of 
marine propelling machinery of the reciprocating 
type for the class of vessel under consideration, 
Mr. Yarrow referred particularly to the work of 
Messrs. Normand, of Havre, and mentioned that the 
indicated horse-power per ton of machinery (in- 
cluding main and auxiliary engines and boilers with 
water) had increased from about 27 in 1886 to 65 in 
1895. 

Further development of the reciprocating engine 
was, of course, arrested by the introduction of the 
steam turbine by Sir Charles Parsons, which 
had enabled powers on one shaft to be increased 
from about 4,000 (the maximum practicable with 
a light reciprocating engine) to 15,000 or 20,000 in a 
modern destroyer. Reflection on the development of 
the steam turbine, Mr. Yarrow remarked, should 
serve to remove any existing doubts as to the value 
of research work. With boilers, the problem has been 
to obtain the maximum evaporative power in 
conjunction with the minimum weight, and Mr. 
Yarrow dealt with some of the investigations of this 
problem which have resulted in the employment 
of water-tube boilers fired with oil fuel and capable 
of producing 120,000 lb. of superheated steam 
per hour. It was obviously impossible to mention, 
in the course of a brief address, more than a few of 
the problems already solved, even in the one 
particular class of work considered. Enough was 
said, however, to show that research has been a 
valuable aid to the industry in the past and to 
support the view that its application to the many 
problems still requiring attention is well worthy of 





encouragement. 
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THE COMMERCIAL MOTOR EXHIBITION 
AT OLYMPIA. 

CoMMEROIAL motor vehicles, however the term 
is defined, have now become so familiar a part of 
our daily life that they no longer arouse the interest 
they did when first they commenced to supplant 
horse-drawn traffic. The public takes them for 
granted, and such emotions as they excite in the 
majority of individuals are concerned with the 
necessity of getting out of their way. Their 
importance, however, is not to be measured by the 
amount of public attention they receive. They 
have risen from the position of mere noisy novelties 
and taken their place in the established order of 
things which are as necessary to our civilisation 
as railway trains or steamships. Every year shows 
a vastly greater volume of mechanically-propelled 
traffic over our roads both in towns and in the open 
country, and in spite of the acute depression which 
the commercial vehicle manufacturing industry is 
suffering from at the present time, its future is as 
assured as that of any industry in the country. 
It has, indeed, a wider field for expansion than many 
others, and if, as seems possible, our manufacturers 
are going to take the lead in producing ordinary 
road vehicles to run on steam or producer gas, 
with a consequent enormous reduction in fuel costs, 
the British motor vehicle industry has very good 
times ahead of it. 

The modern ramifications of the commercial 
motor vehicle are well exemplified in the fifth 
International Commercial Motor Exhibition, 
organised by the Society of Motor Manufacturers 
and Traders, which was opened at Olympia on 
Friday last. No type of vehicle for road transport 
or service seems to be unrepresented. Motor 
coaches, omnibuses, lorries, delivery vans, tipping 
wagons, road sweepers, tank wagons and fire engines 
are all to be seen, and in many cases chassis, engines 
and detail parts are presented for inspection 
separately. The main hall and the annexe are well 
filled with the heavier exhibits, while the gallery 
is mostly devoted to the innumerable “ accessories ” 
which play so large a part in the motor trades. 
Regarding the show as a whole it is a good and 
varied display, but not particularly noticeable 
for engineering novelty. The growth of the motor 
coach has produced new designs in body-work, 
some of which is remarkably well carried out, but 
engines and chassis remain very much as they were 
last year. Design seems to have settled down along 
standard lines, at any rate so far as all the leading 
makers are concerned. Details, of course, differ, 
and frequently the difference appears material, 
but the fact that each maker appears satisfied with 
his own particular solution of his mechanical 
problems, and produces vehicles which behave 
much the same in service as those of his competitors 
do, tends to disarm criticism of features which 
otherwise one might consider faulty. It may be 
taken for granted that every maker is perfectly 
conversant with the designs of his competitors— 
indeed, if he visits shows such as the present one 
he could hardly fail to be. Such interchange of 
knowledge is an excellent thing for the general 
advancement of the industry as it tends to the 
rapid elimination of inefficient or unnecessarily 
costly design, and so widens the circle of satisfied 
purchasers. It carries with it, however, the 
corollary that such variation in detailed design as 
persists between different makers can hardly be of 
great importance in practice. This emphasises the 
plea for standardisation made by Mr. G. W. 
Watson, M.I.Mech.E., in his recent presidential 
address before the Institution of Automobile 
Engineers, especially as standardisation of details 
would permit of their manufacture in quantities 
by firms specially equipped for the purpose, besides 
rendering similar fittings interchangeable among 
the different types of vehicles. 

As on previous occasions we have given full 
illustrated descriptions of many of the leading 
vehicles, we do not propose to go again over the 
same ground, but rather to confine ourselves to 
the general impressions created by the Show as a 
whole. Prices all round appear to have been very 
substantially reduced, and there is an on 
the part of exhibitors to encourage business which 
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we hope will receive its reward. As regards the 
exhibits, the great majority of the vehicles have the 
ordinary petrol engine and transmission gear on the 
lines of a motor car. Messrs. Tilling-Stevens 
Motors, Limited, of Maidstone, Kent, who for many 
years have been the chief exponents of the petrol- 
electric system, show charabancs, double-deck 
omnibuses and chassis of this type. The fact that 
the second largest omnibus company in the country 
has a fleet of over 300 vehicles, all operating on the 
petrol-electric system, shows that the principle 
is one to be taken seriously, and figures as to the 
relative costs of maintenance of electric transmission 
as compared with gearing and clutches would be 
very interesting. The initial cost of a petrol- 
electric chassis, judging from the catalogue prices, 
appears to be slightly less than that of a corre- 
sponding chassis with mechanical transmission, 
at any rate for the larger sizes. 

Steam-driven vehicles are represented by most 
of the types which are so familiar on the roads, 
and steam power seems to have no difficulty in 
holding its own so far as road tractors and the 
heavier wagons are concerned. For anything up to 
3 tons or 4 tons capacity, the petrol-driven vehicle 
at present holds the field, but whether it can con- 
tinue to do so, in view of the enormous discrepancy 
between the price of solid fuel and of petrol, is a 
matter which is by no means certain. Two rivals 
to the petrol lorry have already got beyond the stage 
of experimentation, and judging by the amount of 
interest they are exciting at the Show, there can be 
no doubt of the anxiety of those concerned in road 
transport to free themselves from the monopoly 
of petrol. The use of producer gas for road vehicles 
has been advocated for several years by Colonel 
D. J. Smith, and we understand that there are 
some 60 vehicles on the Smith system now on the 
roads, and that they are successfully operating 
between London and Manchester.. No complete 
producer-gas vehicle is shown at Olympia, but a 
producer plant, made under Colonel Smith’s patents 
and known as the.“ Sphere Producer,” is exhibited 
by Messrs. G. D. 8., Limited, of Oakfield-road, 
Altrincham, Cheshire. As the plant can be fitted 
to any ordinary type of commercial vehicle, the 
omission to show such a vehicle is of no importance, 
particularly as, on the stand, a cab has been fitted 
up to show the arrangement of the producer along- 
side the driver. The internal diameter of the 
producer is only 9 in., and mechanically-operated 
reciprocating firebars keep the fire in good condition. 
The details of the plant will be generally known to 
engineers, as they were described in a paper read 
by the inventor before the Institution of Automobile 
Engineers, and published in full in our issues of 
January 9 and 16, 1920. It will be remembered 
that an ordinary petrol lorry, weighing 3 tons 15 cwt. 
unloaded, and ing a useful load of 29 cwt., 
was shown to cost 3/1. 10s. 10d. for a run of 100 miles, 
with petrol at 3s. 4d. per gallon. The same vehicle 
was fitted with a producer, no overhauling or other 
alterations being made prior to the test. The 
fuel cost was only 4s. 84d. for the same run when 
anthracite, at 40s. per ton, was the fuel used. 
Both figures would have been reduced had the engine 
been in proper order, but they are sufficient to show 
the enormous saving possible. Indeed, to compete 
with the producer petrol would have to be purchas- 
able at about 2-6d. per gallon. 

Although such fuel economies are not possible 
with steam plant, the latter has nevertheless a 
tremendous advantage over the petrol engine in 
the matter of fuel costs, and the fact that a small 
and simple boiler and steam engine is likely to 
appeal more to many engineers than a gas producer 
and internal-combustion engine will no doubt 
largely offset the superior efficiency of the latter. 
Other things besides fuel cost have to be considered 
in road transport, and the flexibility of the steam 
engine, coupled with the fact that it will continue to 
operate under almost any condition short of actual 
breakage, are factors which to many people would 
outweigh the greater fuel economy of the internal- 
combustion engine. The protagonist of the steam- 
driven lorry is Mr. Thomas Clarkson, and two 
chassis of his design are to be seen at Olympia 
on the stand of Messrs. Clarkson Steam Motors, of 
Chelmsford. The stand ‘also contains separate 


575 


details, such as the boiler, &c., so that the con- 
struction of every part may, be fully examined. 
The engine is of the two-cylinder compound vee 
type with piston valves, and as reversing is effected 
by means of a gear-box, as is done with petrol lorries, 
the engine is of extremely simple construction. 
We illustrated and described it fully in our issue of 
August 19 last, so that there is now no need to repeat 
the description. One alteration, however, is to be 
noted, namely, the elimination of the vertical 
chimney by causing the products of combustion to 
travel downwards after leaving the boiler. This 
is effected by altering the position of the steam jets 
which cause the draught. Our previous article 
referred more particularly to the engine, boiler, and 
their attachments, but as the axle and gear-box 
are also of interest we intend to illustrate them 
separately in our next issue. A 3-ton Clarkson lorry, 
when working 80 miles to 100 miles per day, will 
only consume 4-5 lb. of coke per mile, and if the 
price of coke be taken as 40s. per ton, the fuel cost 
per mile works out at less than ld., or about one- 
fifth of that of a petrol vehicle. 

Electric vehicles give the impression that they 
are growing in favour, and several are to be seen at 
Olympia. Messrs. Clayton Wagons, Limited, of 
Lincoln, and Guy Motors, Limited, of Fallings 
Park, Wolverhampton, show electric vehicles for 
the first time, the former exhibiting a 3-ton wagon 
with tipping body and the latter a 24-ton chassis. 
Other exhibitors of vehicles of this type are Messrs. 
Richard Garrett and Sons, Limited, Leiston; 
Newton Brothers, Limited, Derby; The General 
Vehicle Company, Limited, 43, Shoe-lane, E.C. 4; 
and Messrs. Ransomes, Sims and Jeffries, Limited, 
of Ipswich. The centre of attraction on the stand 
of the latter firm is, however, a 15-cwt. electric 
runabout crane for general use, which we illustrate 
and describe on page 564 of the present issue, so 
that details need not be mentioned here. 








THE INSTITUTION OF RUBBER 
INDUSTRY. 

W3HILst we would hardly encourage the foundation 
of new technical institutions on general lines, we 
do not withhold a welcome from the Institution 
of Rubber Industry which was inaugurated on 
Wednesday evening last in the rooms of the Royal 
Society of Arts. Among the industries rubber 
certainly occupies a special position, as rubber 
does chemically and physically, for no science nor 
industry can at present dispense with rubber. 
One may rather wonder, therefore, that, rubber 
has not. sooner had a technical home of its own, 
but this is so, probably because the rubber interests 
are so widely ramified. 

Two years ago, as we learn from the address 
delivered by the president of the new Institution, 
Mr. J. H. C. Brooking, M.LE.E., an agitation 
in favour of some rubber association was set in 
motion by Mr. Fordyce Jones. When, however, as a 
consequence the Rubber Club of Great Britain had 
been initiated, it was recognised that the name was 
a@ misnomer, and the title “ Institution of Rubber 
Industry ” certainly indicates much better that a 
body has been established which is to promote 
the interests of the rubber growers, manufacturers 
and distributors and to advance the general standard 
of the rubber industry. It is not quite accidental, 
of course, that the rubber industry is a hundred 
years old at the time of the foundation of the 
Institute. In 1820, Thomas Hancock began to manu- 
facture rubber; in 1843 he took out his patent on 
vulcanisation—first by dipping rubber into molten 
sulphur—and he vulcanised almost everything. 

Within a few years inflated rubber tyres, spongy 
rubber, engine valves, rubber-cork preparations, 
&c., were on the market, and Hancock’s catalogue 
of 1857, pages of which Mr. Herbert 
general manager of Messrs. J. Lyne,’ Hancock 
and Co., afterwards threw on the screen in his 
discourse on the development of the industry, 
showed all the variety of gloves, boots, pillows and 
other ‘‘ quite modern” rubber ware of an advertise- 
ment of our days. And there is little new in 
rubber as in everything else. The smoked rubber, 
such as the Indians made in the days of Columbus, 
is still unsurpassed in quality, and Hancock was 
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partly anticipated, as was the water-proofing 
rubber solution of C. Macintosh, also of 1843. 
But both these men were the fathers of the industry 
all the same, and some of Hancock’s machines 
remain remarkable. 

By the year 1873, the world’s production of 
rubber was estimated at 15,000 tons; in 1919, it 
reached nearly 400,000 tons, and a large portion 
of that rubber is now grown in plantations which 
we owe to Sir Henry Wickham’s exploit of 1876. 
Sir Henry was present last Wednesday, and Mr. 
Brooking told how the first seeds of hevea were 
shipped, at considerable risks and without the 
knowledge of the Brazilian Government, as “‘ delicate 
botanical specimens,” down the Amazon over to 
Liverpool, and how Sir Joseph Hooker raised 7,000 
rubber plants in Kew Gardens, which were then 
transferred to Ceylon. Mr. Brooking had something 
to say also on the shady side of the industry, on the 
injury done to it by inferior imitations of good ware 
and by price cutting. It was further acknowledged 
that the secrecy of the manufacturers had retarded 
developments. That members .and visitors were 
interested was shown by the fact that the meeting, 
opened at 7 p.m., lasted quite 24 hours. A series 
of instructive papers are announced. The Institu- 
tion, which owes much to its first president, will 
hold its next two meetings in Manchester on 
November 7, and in London on November 15; 
Mr. W. Tyson, of Charing Cross House, Charing 
Cross-road, W.C. 2, is the secretary. We wish 
the new Institution every success. 








NOTES. 
DEVELOPMENT IN Roaps. 

Tug subject of development, chosen by Sir H. P. 
Maybury, K.C.M,G., for his presidential address 
before the Institute of Transport, is so wide that it 
must have proved rather difficult to set a limit to 
its manner of treatment. Sir Henry, however, 
confined himself practically to the special field 
within which he has laboured recently, and dealt 
with roads and the provision for urban and inter- 
urban road traffic. Its an ill wind that blows no- 
body any good, and Sir Henry points out that though 
public works may be objected to as unsatisfactory 
palliatives in unemployment crises, in this particular 
year their encouragement will have resulted in the 
very practical improvement of many of our roads, 
and the construction of several badly wanted relief 
channels. The early action of the Government, 
last autumn, in devising a scheme of assisting road 
schemes has led to works estimated at over 
10,000,000. being put in hand. The terms of the 
Government were welcomed, and the unemployment 
crisis, coupled with the financial aid, enabled many of 
the difficulties arising from multiplicity of authori- 
ties, to be brushed aside so that many important 
changes will result in the road maps of the country, 
In the neighbourhood of London the work is 
steadily progressing. Among the more important 
in hand of these road schemes, are the Eltham 
by-pass, Shooters’ Hill by-pass, South Circular road, 
North Circular road, Western avenue, Eastern 
avenue, East Ham by-pass, and New Cambridge 
road, Similar progressive action is being taken in 
many of the large provincial towns and cities. Re- 
ferring to the census, Sir Henry quoted the fact that 
79 per cent. of our population now resides in urban 
areas compared with 72 per cent. thirty years ago ; 
the interesting fact was also stated that while the 
London County Council area had decreased 1 per 
cent, in population, the Outer Ring of London had 
prea? 9-6 per cent., showing that we are 
becoming more and more a suburban people, and as 
such require far greater facilities in the way of 
transport arrangements if only our business is in the 
central area, and not our residences. Dealing with 
aspects of the development of London, Sir Henry 
Maybury referred to the recent opening of the new 
King George V. Dock, and mentioned that the 
deficient access to the dock area was a great blot 
on the London traffic map. In this connection he 
thought that the idea of an additional Thames 
Tunnel connecting Kent and Essex was not at all 
an impossible scheme, while the whole of the 
triangle between Chelmsford, London and the 
Thames required development in view of the fact 
that great changes might be anticipated along the 





river, and at seaside resorts such as Southend, which 

in the Aan dais yoats thaangh sbink we hed, ponent, 

had expanded 50 per cent. Al 
Losses OF MERCHANT VESSELS. 


For the first time since the termination of the 
war full statistics of the losses suffered by the 
merchant navies of the world owing to ordinary 
marine risks have now been issued by Lloyd’s 
Register. From these it appears that, during 
1920, a total of 561 vessels, making collectively 
645,603 tons, were lost from what may be described 
as natural causes, in order to distinguish them 
from the losses due to enemy action during the 
course of the war. The above-mentioned figures 
include 357 steamers of 510,794 gross tons in the 
aggregate, and 204 sailing vessels, making 134,809 
net tons together, and they refer only to vessels 
of 100 tons gross or over in the case of steamers 
and net in the case of sailing vessels. Confining 
our attention for the moment, to steam vessels, we 
find, as might be expected, that in this class of 
shipping the United Kingdom is the chief sufferer, 
the British mercantile marine having lost 86 
steamers with a total gross tonnage of 123,861. 
The latter figure is, however, only 0-68 per cent. 
of the total steam tonnage owned in this country, 
and the proportion lost compares quite favourably 
with that of most other maritime countries. The 
tonnage lost by the United States is proportionately 
higher than that of the United Kingdom, being 
112,040 tons, which is 0-90 per cent. of the United 
States steam tonnage. French losses total 50,874 
tons, and the percentage, in the case of that 
country, amounts to 1-72, while the corresponding 
figures for Japan are 41,988 tons and 1-40 per cent. 
Other interesting figures, in order of magnitude, are 
those for Norway (25,944 tons and 1-31 per cent.), 
Sweden (17,777 tons and 1-78 per cent.), British 
Dominions (16,574 tons and 0-89 per cent.), Russia 
(15,377 tons arid 3-02 per cent.), Italy (13,020 tons 
and 0-61 per cent.), and Spain (10,050 tons and 
1-07 per cent.) ; no other country has suffered losses 
exceeding 10,000 tons. The losses of sailing vessels, 
in proportion, are much higher, those of Norway, 
which amount to 26,704 net tons, representing no 
less than 11-13 per cent. of the total sailing tonnage 
owned in that country. The United States is, 
however, the largest owner of sailing ships, and the 
losses of that country amount to 47,654 tons. 
This figure is, however, only 3-44 per cent. of the 
total American sailing tonnage and, proportionally, 
is roughly equivalent to the losses of this class of 
shipping sustained by the United Kingdom, the 
figures for this country being 7,620 tons and 3-47 
per cent. The only other figures worth mentioning 
are those for France and the British Dominions, the 
former having lost 12,992 tons of sailing vessels and 
the latter 12,448 tons between them. The losses 
of the British Dominions, it may be noted, are both 
actually and proportionally higher than those for the 
Mother Country, the proportion working out to 
5-66 per cent. Some interesting figures of the war 
losses of shipping have also been given by Lloyd’s 
Register, and from these it appears that: a total of 
4,877 steamers and 984 sailing vessels were lost by 
the maritime nations of the world by causes arising 
out of the war. The total steam tonnage lost was 
12,562,187 gross tons, and the sailing vessels account 
for another 671,485 net tons. The losses were most 
serious in 1917 when the German submarine cam- 
paign was at its height, no less than 2,211 steamers, 
making 5,957,913 gross tons, being lost in that year, 
in addition to 523 sailing ships totalling 392,449 
net tons. 

Tue Repvuction IN THE Cost oF PRODUCTION. 


On Wednesday last a conference of the British 
Engineers Association was held in London‘to consider 
the problem of restoring vitality to the industry. 
Speaking at a luncheon between the morning and 
afternoon sessions, Lord Weir asked what could be 
thought of statesmanship which provided relief 
schemes for unemployment and discussed credit 
plans, but left unconsidered the fact that we were 
importing more foreign material than ever instead 
of manufacturing here. During the last nine months 
we had imported 19,000,0001.. worth of iron and 
steel, and in the month of September these’i 
were higher than ever before. There was a definite 
amount of foreign trade, but for some reason we 





were not getting hold of it. The factors affecting 
the situation were numerous, but he wished especially 
to emphasise two. One was that some countries 
abroad, able to buy a certain amount, were not 
buying from us; the other was that our prices were 
regarded, as artificially high, and in the expectation 
of a fall, possible customers were holding their 
hands. There was, further, a lot of home trade 
going, and we were not getting that. In the mean- 
time the\Government could only suggest relief works, 
so that they had the extraordinary situation of 
relief works instituted, say, in Lanarkshire, with 
their steel works and mines shut down, while 
the. port. of Glasgow was full of ships bringing in 
imported steel to be made into bridges, &c. Was it 
better to grant credits in connection with the export 
of goods made from imported material, or to with- 
hold ‘such ¢redit until the makers and men could 
come to some agreement as to how to make steel 
in this country ?. There was no doubt that our trade 
was governed. by cost of production and it was this 
that required investigation. Considered apart from 
wages, our costs were inflated by unjust conditions. 
Against all the restrictions and regulations con- 
ceded to trades unions, he could not find a solitary 
action of those bodies which had tended to decrease 
costs. Their policy had always been based upon 
the assumption that their demands could be met 
out of the profits of the employer, or that the cost 
could be passed on to the customer. This had now 
been proved false. Very few realised the cost 
enhancing effect of shorter hours. Coming on the 
top of the dislocation of the war it was difficult to 
see how they were warranted, combining as they did 
an additional 200,000,000/. in wages cost with 
decreased output. The idea that shorter hours 
resulted’ in’ improved output had unfortunately 
been disproved. There were rules and restrictions 
which taken together represented heavy additions 
to costs, and which could be abolished without any 
reduction in the earnings of the men. Further 
wage reductions should only be contemplated when 
these matters had been discussed. The unions 
looked to the Government to revive trade; that 
was impossible, as the matter rested between the 
employees and employers, and the best. service the 
Government could do was to tell the trades unions 
the truth. The Conference discussions ranged over 
many subjects. It recorded its opinion on, among 
other points, the need for national economy, the 
loyal co-operation of labour, of amending the 
conditions now governing the output per ll. of 
wages, of a secret Trades Union ballot, of the 
repudiation by the Trades Unions of the extremist 
policy antagonistic to capital and. private enter- 
prise, the development of markets within the 
Empire, cheaper coal, and so on. 








THE CERAMIC SOCIETY. 
(Concluded from page 537.) 

WE now conclude our report of the meeting of the 
Ceramic Society, held in London, on October 6 and 7, 
the account of the earlier proceedings having appeared in 
our issue of last week. 

Tae Reversrete THERMAL Expansion oF SILICA. 

Perhaps the most important paper presented at the 
meeting was that on “ The Reversible Thermal Ex- 
pansion of Silica,’ by Mr. H. 8. Houldsworth and 


' Professor J. W. Cobb, which was read by the former. 


The reversible thermal expansion from 15 deg. to 
1,000 deg. C. was measured for amorphous precipitated 
silica prepared from silicate of soda and containing 


‘some alkali, pure amorphous silica prepared from silicon 


fluoride, silica glass, ganister (both with and without 
a lime bond), quartzite and flint, after preliminary 
firings to known temperatures. Generally the test 
pieces were fired in a works kiln to cone 06 (980 deg. C.) 
in 48 hours, or to. cone 9 (nominally 1,280 deg. C., but 
pyrometers showed 1,170 deg. C.) in 72 hours, before 
examination. Afterwards the specimens fired to the 
latter temperature were fired for 2 hours in a laboratory 
furnace at cone 14 (1,410 deg. C.) and their expansions 
again determined. They were then fired at cone 20 
(1,530 deg. C.) for 2 hours and again examined. Where- 
ever possible, the substances were also examined 
without any preliminary firing. The tests also included 
unused commercial silica bricks and silica bricks which 
had been used in coke ovens or steel furnaces. The 
porosities and true specific gravities of the materials 
were also determined. Refractive indices were tested 
by immersion of the finely-powdered substances in 
oils of known refractive indices. 
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Precipitated silica containing 5 per cent. of soda, 
after heating to 700 deg. C., expanded only slightly 
between 15 deg. ©. and 170 deg. C., but from this to 
210 deg. C. a large, rapid and reversible expansion was 
noted (presumably inversion of a to 8 cristobalite). 
From 210 deg. to 420 deg. C. the specimen expanded 
steadily, and thence on to 700 deg. C. it contracted. 
The results suggested conversion into cristobalite but 
not quartz. After heating for 2 hours at 700 deg. C. 
and then reheating, the rapid expansion between 
170 deg. and 210 deg. C. was found to be about three 
times that previously noted. The easy conversion 
of precipitated silica into cristobalite was unexpected, 
as Fenner had not obtained cristobalite from pre- 
cipitated silica. Another test-piece was heated in a 
muffle to 790 deg. for 2 hours and examined, when it 
showed an increased rate of expansion about 115 deg. 
to 120 deg. C., and a much larger coefficient of ex- 
pansion about 200 deg. C., with a little further expan- 
sion above 300 deg. C., whilst from about 470 deg. C. 
up to 700 deg. C. a contraction took place. It would 
seem that the amorphous silica had been thus converted 
into tridymite (only a little) and cristobalite. After 
keeping the test-piece at 650 deg. to 710 deg. C. for 
70 hours there was less tridymite than before, but 
again no quartz. After further heating for 914 hours 
at 680 deg. to 720 deg. C., there was evidence of still 
more cristobalite, but no quartz. After 768 hours 
heating, the expansion about 200 deg. C. had gradually 
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material indicated unaltered glass with some tridymite 
and a few crystals of cristobalite. Vitreosil after 
heating to 1,510 deg.—1,555 deg. C. for 24 hours showed 
according to refractive indices a mixture of tridymite 
and unchanged vitreosil, but no quartz or cristobalite. 
Further investigations are contemplated. 

Meanwood ganister without bond, on heating for the 
first time, had a very large expansion from 15 deg. to 
500 deg. C., and did not exhibit any marked discontin- 
uityin thisrangée. From 500 deg. to 600 deg. C. the rate 
of expansion was still greater, from this to 900 deg. C., 
the coefficient of e ion of the ganister was small, 
and there was a slight contraction from 900 deg. to 
1,000 deg. C. On cooling, the reverse changes took place 
excepting a permanent linear expansion of 0-7 per cent. 
On reheating, the temperature-expansion graph was 
of the same character from 15 deg. to 600 deg. C. as 
that obtained on the first heating, but the actual 
expansion was only about two-thirds as much. From 
600 deg. to 1,000 deg. C. slight but steady contraction 
took place. The cooling curve did not differ appreciably 
from the heating curve, but from 400 deg. to 15 deg. C. 
the contraction was less than the corresponding 
expansion, so that a further permanent linear expansion 
was shown, but there was no indication of appreciable 
amounts of tridymite or cristobalite. The true specific 
gravity of the raw ganister was 2-65, and after three 
heatings to 1,000 deg. C. only changed to 2-64, so that 
very little or no transformation of the quartz had taken 
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diminished to a minimum. This long heating had 
produced cristobalite, and not the quartz which would 
have been expected at this temperature according to 
the stability ranges given by Fenner, and even tridy- 
mite could not be detected except a few grains by the 
refractive index, but there was a little unchanged 
amorphous silica. 

Precipitated silica heated to 1,150 deg.—1,170 deg. 
showed steady expansion to 100 deg. C., with five times 
that expansion (reversible) between 100 deg. and 
200 deg. C. From 200 deg. to 550 deg. C. the coefficient 
of expansion was nearly the same as from 15 deg. to 
100 deg. C. From about 550 deg. to 1.000 deg. C. 
a slight contraction was observed. Tridymite was 
present in quantity. This formation of tridymite 
gave support to Fenner’s view that tridymite is the 
most stable form of silica at the temperature. 

Precipitated silica fired five times at cone 9 in a 
works kiln showed a large expansion between 100 deg. 
and 170 deg. C., then a fairly large but regular -ex- 
pansion to 550 deg. C., followed by a contraction from 
550 deg. to 1,000 deg. C. No quartz was-detected, nor 
unconverted amorphous silica. At least half the 
specimen was tridymite, the rest being cristobalite. 
The specific gravity was 2/28. When precipitated 
silica was ‘fired at cone 14-15 for 2 hours it gave results 
very similar to the preceding, there being no quartz or 
unchanged amorphous silica, but roughly equal amounts 
of tridymite and cristobalite. 

Pure amorphous silica (prepared from © silicon 
fluoride), after heating at 700 deg. C. for many hours, 
showed no conversion into any crystalline form of 
silica. Pure amorphous silica heated to 1,150 deg.— 
1,170 deg. C. showed formation of cristobalite, but 
not of tridymite or quartz. The refractive index test 
showed the presence of a little'tridymite. Pure amor- 
phous silica heated to cone 14-15 showed the bulk of 
the material again converted into cristobalite. Silica 
glass -(vitreosil) was not appreciably changed by 
repeated heatings to 1,000 deg. C. The same result 
followed after heating to 1,150 dég.—1,170 deg.'C. for 
4 hours. Vitreosil after heating to cone 14-15 for 
3 hours showed no measurable change in its’ thermal 
expansion, but the. refractive indices of the powdered 





place, though the porosity had changed from 14-4 per 
cent. to 17 per cent., and this difference more than 
accounts for the increase in length. A very slight 
permanent expansion (0-01 per cent. of the original 
length) was noted after the third heating. The increase 
in dimensions of the ganister on heating to 1,000 deg. C. 
was thus due to increase of porosity resulting pre-’ 
sumably from a re-arrangement of the quartz particles, 
and is important to makers and users of all bricks made 
from quartzitic material. 

Meanwood ganister fired repeatedly at cone 9 (in 
a works kiln) until no further expansion was noticeable, 
showed an average increase in length of 1-92 per cent. 
As the specific gravity was 2-59, less than half of this 
permanent expansion was due to conversion of the 
quartz into cristobalite or tridymite, and the other part 
of the permanent expansion must be attributed to 
an increase of porosity. The temperature-expansion 
graph (Curve A, Fig. 1), showed that the substance 
was mainly quartz, with a small percentage of cristo- 
balite. This inference was confifmed by the specific 
gravity 2-59, and also by microscopic examination 
for refractive indices, 

Meanwood ganister fired at cone 14 for 2 hours 
(Curve B, Fig. 1), showed the conversion of a further 
small amount of quartz into cristobalite. This was 
confirmed by a slight ‘reduction in ‘the specific gravity, 
and also by microscopic examination. There was 
again no indication of tridymite. The same test piece 
was heated to 1,530 deg.—1,555 deg. C. for 2 hours, 
when practically complete conversion of the quartz 
into cristobalite took place, with some tridymite, the 
specific gravity being 2-325 (Curve C, Fig. 1) 

Meanwood ganister with lime bond (Fig. 2) had on the 
first heating and cooling a permanent expansion of 
about 0-6 per cent., and a permanent expansion of 0-03 
per cent, occurred after the second and third heatings. 
The porosity had increased by about 4} per cent. as a 
result of the heating, and would account for the per- 
manent change in dimensions without any conversion 
of the quartz. A sample after firing at cone 06 gave 
no indication of tridymite or cristobalite, which was 
confirmed by the specific gravity (2-63), and also by the 
microscopic examination. A test-piece after firing at 





cone 9 (in 72 hours) gave no indication of tridymite or 
cristobalite. The specific gravity, 2-60, confirmed the 
almost complete absence of tridymite and cristobalite, 
and microscopic examination showed quartz associated 
with a very small amount of cristobalite. The same 
test-piece after firing at cone 14 for two hours (Carve D, 
Fig. 2) showed conversion of Pe of the quartz into 
cristobalite, which was confirmed by the specific gravity, 
2-49, and by microscopic examination. The same 
sample after firing at cone 19 for two hours (Curve 
E) showed a rapid conversion of quartz to cristobalite 
and tridymite, though the ganister without the plaster 
bond when heated from cone 14 to cone 19 showed 
rapid conversion of quartz to cristobalite but not 
tridymite. The test-pieces of ganister with plaster 
bond, fired to cones 14 and 19, gave little indication 
of the a to 8 tridymite or cristobalite inversions 
on the first heating, though they were clearly seen on 
cooling and on subsequent heatings. This phenomenon 
is important and has been observed repeatedly. It is 
suggested that owing to the rapid cooling in the 
laboratory furnace in which the specimens were fired, 
the crystals of a cristobalite or a tridymite did’ not 
form, and that during the first slow heating the a to 8 
cristobalite or tridymite inversion would not occur, 
but that it would always occur afterwards. Or possibly 
the quartz in the process of conversion to cristobalite or 
tridymite first passes into an amorphous form which 
only yields crystalline cristobalite or tridymite on such 
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prolonged therma! treatment as that of a slow heating. 
The difference in behaviour between ganister with and 
without added bond, after firing to 1,500 deg. to 
1,550 deg. C., suggests that the bonding material was 
responsible for the delay in the expansion effect and 
therefore in the formation of the cristobalite crystals. 
The transformations from a to 8 quartz are 
apparently not strictly reversible changes in mechanical 
structure, But since very little permanent change 
was noted in the dimensions of the specimens after 
heating, the particles presumably regained very nearly 
their original positions on cooling to air temperature. 
Quartzite from Bwichgwyn was tested for comparison 
with the ganister. The expansion-temperature curve, 
Fig. 3, obtained for the unfired test-piece was very like 
that given by the unfired ganister bonded similarly with 
plaster. The cooling curve was nearly the same as 
the heating curve, and ‘the expansion observed on re- 
heating was only slightly less than the expansion on 
the first heating. The permanent expansion after the 
first heating was only 0-09 per cent. compared with 
0-6 per cent. in the case of the ganister. A further 
permanent expansion of 0-03 per cent. occurred after 
the second heating, and rather less on the third heating. 
The reversible thermal expansion of this quartzite from 
15 deg. to 1,000 deg. C. was greater than that given 
by Meanwood ganister. The expansion after fiting 
to cone 06 was almost identical with that for the 
second heating of the unfired specimen, there being 
no indication of tridymite or cristobalite. The ific 
gravity was 2-63, compared with 2-64 for unfired 
quartzite, and the index of refraction showed ‘that it 
was unconverted quartz. Quartzite fired to cone 9 
showed steady expansion to 150 deg. C., and thence on 
to 250 deg. C. a much greater rate of expansion. Then 
followed a smaller rate of expansion to 550 deg. C., 
when a large increase ‘in the rate was observed to 
600 deg. C., after which to 1,000 deg. C. there was 
practically no inerease in dimensions. The cooling 
eurve nearly coineided with the heating curve. The 
actual expansion to 1,000 deg. C. was the same as for 
the test-piece fired'to cone 06. Thus, unlike the ganister, 
firing quartzite once to cone 9 converted some of the 
quartz into cristobalite, and did not appreciably 
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decrease the expansion between 15 and 1,000 
The specific gravity was 2-58, the index 
fraction also indicated quartz mixed with a little 
cristobalite. The same specimen fired for two hours at 
cone 14 showed a permanent expansion of 2-6 per 
cent. The heating curve and cooling curve were 
almost identical, indicating quartz with a large amount 
of cristobalite, which was confirmed by the specific 
gravity (2-35) and glia porting ~ examination, The 
test-piece was next at cone 20 for two hours, and 
the expansion-temperature curve indicated complete 
conversion of the quartz into cristobalite, a result 
confirmed by the specific gravity (2-33) and by micro- 
scopic examination. This conversion resulted in a 
larger expansion from 15 deg. to 1,000 deg. C. after 
firing at cone 14 or cone 20) than after firing to cone 06 
or cone 9. But the bulk of this expansion comes 
within the ity A deg. to 300 deg. C., leaving only a 
small increase between 300 deg. and 1,000 deg. C., an 
important point in furnace practice. Bricks in which 
quartz has been conve into cristobalite would 
experience no strain and danger of fracture from 
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300 deg. C., after the latter temperature had been 
attained, whereas bricks with much quartz would 
experience strain whenever the temperature fell below 
600 deg. C. 

Uncalcined flint showed a rapid rate of expan- 
sion from 600 deg. up to 700 deg. C., then a much 
smaller rate of expansion up to 850 deg. C., followed 
by a slight contraction. The specimen on cooling 
showed little change of length from 1,000 to 650 deg. C., 
but rapid contraction then took place down to 450 
deg. C., after which there was a smaller contraction 
rate to 15 deg. C. There was a permanent expansion 
of 0:36 per cent. The second heating curve was 


very similar to the one obtained for flint previously |- 


calcined at about 1,000 deg. C.. 

Flint calcined at about 1,000 deg. C. previously to 
grinding gave an expansion-temperature graph almost 
identical with those obtained for unfired ganister and 
quartzite, After heating overnight at 1,000 deg. C. 
& permanent contraction of 0-33 per cent. was noted. In 
flint fired at cone 06 in a works kiln the heating and 
cooling curves were similar to those given by the 
material after heating in the expansion apparatus 
to 1,000 deg. C. The density, 2-56, agreed with that 
for the calcined flint before firing at cone 06. The 
refractive index showed that the whole of the material 
was unaltered quartz. Flint fired at cone 9 showed a 
large expansion from 15 deg. to 200 deg. C., followed 
by an extremely large increase in length between 
200 deg. and 230 deg. C. The rate of expansion from 
230 deg. to 550 deg. C. was less than from 15 deg. to 
200 deg. C., but there was a further increase from 
550 deg. to 600 deg. C., a small increase from 600 deg. 

900 deg. C., and a slight contraction from 900 deg. 
to 1,000 deg. C. The cooling curve was similar to the 
heating curve. The flint finally consisted of quartz 
and cristobalite, the latter tein in excess. The 
specific gravity, 2-39, agreed wi this, as also did the 
refractive index test, which indicated no tridymite. 
Flint fired at cone 13-14 for two hours (after previous 
firing to cone 9) showed a large reversible expansion 
again from 100 deg. to 230 deg. C., but no increase in 
expansion between 550 deg. and 600 deg. C. The 


cooling curve differed very little from the heating curve, | The 


a permanent expansion of 0-06 per cent, being noted. 
The specific gravity (2-33) confirmed the conversion of 
the quartz into cristobalite, while the refractive index 
test showed that a trace of tridymite and a trace of 
quartz (or silicates) were associated with the cristo- 
balite. Flint fired at about cone 20 for two hours (after 





before, but had a re ion between 100 
and 230 deg. C. ee eoekiaial see entirely pate ding 
and, except isolated grains, nothing else was revealed 
by the refractive index tests. Probably the more rapid 
conversion of flint—as compared with ganister and 
quartzite—into cristobalite was due to its physi 
state, very small crystals being embedded in colloi 
silica, re are, however, other possible causes, such 
as fineness of division. 

Sample A, of a commercial silica brick, made from 
the Bwichgwyn quartzite, showed a very large co- 
efficient of expansion from 15 deg. to 250 deg. C., 
followed by a much smaller, but regular, expansion to 
550 deg. C. (Curve A, Fig. 4). Thence up to 600 
deg. C, the rate of expansion was notably increased. 
Between 600 deg. and 750 deg. C. there was a small 
coefficient of expansion, followed by a slight con- 
traction up to 1,000 deg. C. The large expansion 
associated with inversion of the cristobalite made the 
expansion of the brick from 15 deg. to 1,000 deg. C. 
more than double that of a fireclay brick. It would 
need slow and careful heating with no rigid ties when 


with distinct white grains, and a brownish-black 
outer crust. The next layer, 1 in. thick, was light 
brown., The third layer, an inch and a-half thick, 
was dark brown, and the fourth layer, about an inch 
thick, was light brown, and looked like unaltered brick. 
The expansion curve for the material of the innermost 
black contaminated layer was such as might be expected 
from a contaminated quartz glass, and the total ex- 
ion was only half that of the, layers behind it. 

he results of microscopic examination by refractive 
index would suggest that about half the material was 
cristobalite, the rest being quartz and silicates of 
higher refractive index, but the expansion test gave 
no indication of cither cristobalite or quartz. The com- 
position of the material in the layer can be expressed 
empirically by RO, 0:4 Al,Os, 14-3 SiOz The 
partially fused outer crust was doubtless richer in basic 
material including ferric oxide. The expansion tem- 
perature curves for the other three parts of the brick 
were practically identical, and the actual expansion 
from 15 deg. to 1,000 deg. C. was in each case almost 
the same as that for the unused silica brick. The 





the \structure was first heated, and would be liable to 
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cracking and opening-out of the brickwork if the 
furnace, &c., had to be let down below 300 deg. C. 
The specific gravity of the brick was 2-40, and micro- 
scopic examination of the powdered brick showed it 
to consist of quartz and cristobalite with no 
tridymite. 

Sample B, of a commercial silica brick, made from the 
same quartzite as sample A, but containing 25 per cent. 
of quartzite flour, gave (Curve B, Fig. 4), an expan- 
sion-temperature curve similar to sample A, but 
showing greater expansion from 15 deg. to 250 deg. C., 
and less expansion from 550 deg. to 600 deg. C. This 
result agreed with that obtained for quartzite flour 
fired at cone 9. ‘ 

Sample D, of a commercial silica brick made from 

uartzitic pebbles (Yorkshire), showed (Curve D, 
ig. 4), in the expansion test that all the quartz had 
been apparently converted into other forms of silica, 
specific gravity was 2-35, and the refractive 
indices of the particles of powdered brick showed 
that it was mainly cristobalite with a little tridymite 
and probably some silicate material, but no quartz. 

Silica brick after use in a coke oven for fourteen 
months, Fig. 5, at a probable maximum temperature 
of 1,450 deg. C., showed four fairly distinct layers. The 


D. Fourth layer ; reddish in colour. 


that of the unused brick, there being a rather more 
rapid expansion from 15 deg. to 150 deg. C. and 
practically no sudden expansion at 550 deg. to 600 
deg. C., whilst above 600 deg. C. the specimens con- 
tinued to expand, whereas the unused silica brick 
contracted slightly above 700 deg. C. The long heating 
had apparently completely transformed the original 
quartz of the brick. The refractive index of the 
material of these layers indicated cristobalite associated 
with a little tridymite and quartz or silicates of higher 
refractive index. The expansion from 15 deg. to 
1,000 deg. C. of the outer darker layer was only about 
one-half that of the rest of the brick, so that temperature 
fluctuations would cause great strain to be set up 
between these two of the brick, with consequent 
cracking off of the inner darker layer. 

Silica brick, after use in the roof of a steel furnace 
for 12 weeks, at a probable maximum temperature of 
1,600 deg. to 1,650 deg. C., showed four fairly 
isti ig. 6: (A) Innermost layer with 

furnace: A test-piece of this 
expanded steadily from 15 deg. to 240 deg. C., 
- 7, and from this point to 280 deg. C. a large 
and rapid expansion took place. From 280 deg. 
to 630 deg. C, the rate of expansion was less than 
from 15 deg. to 240 deg. C., and beyond 630 deg. C. 
the coefficient of expansion continually decreased 
until no further expansion occurred between 900 deg. 
and 1,000 deg. C. The expansion from 240 deg. 
to 280 deg. C. was reversible on cooling, but occurred 
at 220 deg. to 200 deg. C. Apparently neither quartz 
nor tridymite was present in quantity. Microscopic 
examination by refractive index showed that the 
material was mainly cristobalite, but about one-eighth 
of the powder probably consisted of silicates, and a 
small quantity was probably tridymite. (B) Second 
layer: A test piece of this part of the brick expanded 
steadily and at a fairly rapid rate to 300 deg. C., after 
which the rate of expansion decreased gradually with 
in ing temperature until there was a slight con- 
pas ay oe 900 deg. and 1,000 deg. C. The 
ing curve was similar to the heating curve. No 
discontinuity occurred. The total expansion 

to 1,000 deg, C. was about four-fifths, and that from 
15 deg. to 300 deg. C. about three-fifths, of that of the 
hottest (innermost) layer, indicating the ibility 








previous firing at cone 13-14) behaved very much as 


innermost layer, about 4% in. thick, was greyish black 


of strains and cracks being developed. Microscopic 
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examination by refractive index pointed to the presence 
of cristobalite and silicates in nearly equal propor- 
tions, with a very small amount of tridymite. (Cc) 
Third layer: The total expansion from 15 deg. to 
1,000 deg. C. was not very different from that of the 
second layer, but the form of the curve was somewhat 
different, and there was evidence of the a to 8 
quartz inversion. Microscopic examination of the 
powdered material gave similar results to those obtained 
for the second layer, but taking these in conjunction 
with the expansion of the test: piece it seemed probable 
that some quartz and less silicates were present along 
with cristobalite in quantity. (D) Fourth layer: The 
expansion of a test piece of this did not differ appre- 
ciably from that of the unused brick, and microscopic 
examination of the powdered material also gave similar 
results to those obtained for the unused bricks, indi- 
cating a mixture of quartz and cristobalite with a 
very small amount of tridymite. C. 8. Graham, 
several years ago, from the microscopic examination 
of thin sections made from a similar brick, arrived 
at similar conclusions. 

Silica brick from gas-port of steel furnace after 12 
weeks’ use (Curve, Fig. 4): This, like the two preceding 
bricks, was made from the same Welsh quartzite as the 
sample A brick. The lines of demarcation between 
the different zones were much less marked than in the 
brick from the roof of the furnace. The brick was 
divided into three layers. The expansion-temperature 
graphs of the hottest and middle zones were identical. 
They expanded steadily and fairly rapidly to about 
220 deg. C., when a large and rapid expansion followed 
to 280 deg. C. Above this temperature the rate of 
expansion was smaller, and above 600 deg. C. the 
coefficient of expansion decreased with increasing 
temperature until from 900 deg. to 1,000 deg. C. a 
slight contraction occurred. No evidence of the 
a to 8 quartz inversion could be detected. The 
third layer expanded similarly, but the actual expan- 
sion was slightly greater. In each case the large and 
rapid expansion between 220 deg. and 280 deg. C. 
was reversible on cooling, but occurred 20 deg. to 
30 deg. C. lower than on heating. In each case 
microscopic examination of the powdered material 
showed that about two-thirds of it was  cristo- 
balite, the remainder probably consisting mainly of 
silicates 

The volume changes in manufacture and use of a 
silica brick are traced as follows by the authors of the 
paper: First, on firing, the quartz undergoes a permanent 
linear expansion, with little or no decrease in specific 
gravity, but an increase in porosity. This permanent 
expansion may be about $ per cent. even below 1,000 
deg. C. and considerably more at cone 9. The tough- 
ness may appreciably alter in consequence. The 
further firing to cone 14-16 alters the expansion curve, 
changing the quartz completely or partially, according 
to the nature of the raw material and the time and 
temperature of firing, into cristobalite. This means 
that the sudden a to 8 quartz expansion between 
500 deg. and 600 deg. C. is replaced by the a to 8 
cristobalite expansion between 200 deg. and 300 deg. C. 
The total reversible expansion is not lessened thereby. 
The furnace of “ cristobalite ” bricks is therefore much 
less subject to expansion strain at dull redness than 
one of “ quartz” bricks, although more so below 300 
deg. C. Neither is it at all sensitive above 600 deg. 
to 1,000 deg. C. Long exposure in use at high tempera- 
tures completes the conversion of quartz to cristo- 
balite. Apart from actual test in the expansion 
apparatus, the authors have found that a determination 
of the true specific gravity of the powdered brick is 
the best guide to its behaviour as regards expansion 
and contraction. 

Appended to the paper are tables of analyses, 
porosities, specific gravities, and coefficients of ex- 
pansion, as well as a number of temperature-expansion 
graphs. The latter—of which those most important 
in connection with industrial operatione are here repro- 
duced—show at a glance the chief results obtained 
with the materials named under the conditions 
specified. 

Gas Frere. 


The concluding discussion took. the form of a 


symposium on gas firing, Sir Arthur Duckham spoke | is, 


of some of the difficulties of gas-firing and the necessity 
of training men specially for the work. Dr. E. W. 
Smith was convinced of the advantage of oil over 
direct coal firing, but coal being the natural fuel of the 
country producer or coal gas should be used rather 
than oil. In all cases the best results were obtained 
with quick perfect combustion. 


ANNUAL DINNER. 


This function took place at the Holborn Restaurant 
on the 6th inst., and was very successful. Sir Arthur 
Duckham spoke about the present trade crisis, and 
Mr. A. E. Broadberry p! for support of the 
British Refractories Research Association. 





COKE AS A FUEL. FOR COMMERCIAL 
VEHIOLES.* 
By Tomas Crarkson, Past-President, 


Just as it is generally considered a good rule when 
travelling to drink the “wine” of the country, so in 
motor transport the rule should be to use as far as 
possible the fuel of the country, or the particular part 
of the country, where the transport is needed, in pre- 
ference to employing an imported fuel wh'ch must 
almost necessarily be more expensive, for example, the 
so-called “white coal” (water power) of Scandinavia, 
which is now utilised so effectively for industrial ro 
Again, improved transport facilities are needed for the 
development of many countries with no water power 
and which do not yield either coal or oil, but which have 
abundant supplies of wood from which charcoal can be 
readily made. Excellent charcoal is made in a primitive 
fashion by the natives in many places at a cost not 
exceeding ll, per ton. which is equiva.ent to petrol at 
less than 6d. per gallon. 

Contrast fis simple method for the preparation of 
an efficient transport fuel from material found on the 
spot, with the difficulties in the production of motor 
alcohol. We are informed by the alcohol experts that 
systematic cuitivation in the tropics of s palms, 
mawrha trees, or other sources of alcohol, could supply 
the world with all the = ee necessary. . 
carrying out of this apparently simple proposition has 
been found to involve very iaaaen practical difficulties, 
of which the following may be mentioned :— 

(a) The big capital expenditure in preparing and 
cultivating extensive plantations. 

(b) The lack of revenue for several years before the 
plantations become fruitful. 

(c) The cost of making and maintaining hundreds of 
miles of roads, and the organisation of trans’ for 
collection of the crops and delivery to the distilleries. 

(d) The cost of building and equipping distilleries. 

(e) The need for an abundant supply of water for the 
distilleries. 

(f) The problem of obtaining the necessary labour for 
the plantations distilleries. 

(g) The problem of denaturing the spirit in order to 
protect the revenue from loss. 

These are some of the difficulties which have prevented 
the production of alcohol, as a competitor of petrol, 
even in countries where petrol costs 5s. per gallon. 
Obviously, the chances of alcohol as a motor fuel are 
quite hopeless against charcoal which can compete with 
petrol at 6d. per gallon, and for the production of which 
material is available on the spot without special culti- 
vation, without the need for costly distilleries and 
abundant water supply, and under far easier conditions 
as regards labour supply and supervision. 

In the preparation of this paper, the author has 
found it desirable to treat the subject more expansively 
than might naturally be inferred from the title, but he 
feels that the importance of the subject justifies that 
course. He has dealt at some length with the subject of 
charcoal, which is the natural motor fuel of many 
countries, in tropical as well as in more temperate 
latitudes, because charcoal, or carbonised wood, is a 
direct parallel to coke or carbonised coal. 

Heat Values of Various Fuels.—The first consideration 
in judging of the merits of a fuel is the calorific value, 
or in other words, the amount of heat—measured in 
British thermal units (or in the number of pounds of 
water raised 1 deg. F.)}—developed by the combustion 
of 1lb. of the fuel. This is the only effective standard for 
a gna the relative heat values of fuels. 

e should next compare the prices at which the fuels 
are obtainable, and in this manner we can readily reduce 
the net cost of the heat value obtained in the combustion 
of the various fuels as set out in Table I. 




















Taste I. 
Auesaa 
Calorific Approximate -Th.U, 
Fuel. Value in Price. Obtainable 
B.Th.U. for 1d. 
Petroleum spirit | 18,000 perlb.| 2s. 6d, per gallon 4; 
Alcohol .. -+| 12,400 ,, 28. 6d. to 5a. per | 1,500-—3,000 
on 
Paraffin .. 19,000 ,, ls. 3d. per gallon 10,000 
Benzole .. 17,300 ,, 28. 3d. per gallon 4,000 
Coal gas 500 ~ cub. | 5e. per r cep cub 8,000 
Anthracite 15,000 perlb.| 60s. per ton 46,000 
Coal « 4,112 ,, - 52,000 
Coke 12,000 ,, = 74,000 
Cha: ¥ 12,000 _,, 408. ,, 55,000 
Creosote oil --| 16,050 ,, 7d. per galion ,000 
Heavy petroleum} 17,390 _,, 5d. id 34,000 





The number of British thermal units obtainable for a penny 
of course, subject to market fluctuations. 


The number of British thermal units obtainable for 
a penny is, of course, subject to market fluctuations. 
this connection the author would like to quote from 
a@ communication which he recently, recei from an 
engineer writing from Sydney :— 
oe A tralia is peculiar y isolated as regards its liquid 
fuel supplies, being almost wholly dependent on the 
U.8.A. and Borneo. A small oe Alp shale oil is 
manufactured locally, but it is a negligible quantity. 
“* Fine coalfields exist in the coastal areas, and abund- 
ance of coke and charcoal is obtainable throughout the 





of ten times that at which a coke-burning lorry, and six 
times that at which a charcoal-burning lorry could do it. 

“No try is in greater need of cheap road transport 
than Australia, and no country has its splendid natural 
resources less devel and exploited. True, we have 
traction engines and steam pe me but they are only 
suitable for heavy haulage, and are no at credit to 
the originality of their designers and ders, as they 
are so clumsy, and cling to the traditional and con- 
servative lines. 

“Benzine costs here 80s. per case of 8} gallons. 
Taking it as having a specific gravity of 0-740, and 
having a thermal! value of 21,000 B.Th.U. per pound, 
it costs 5-807d. per pound, and we get 3,616 B.Th.U. 
for ld. Coke costs on an average 20s. per ton; taking 
it as having a thermal value of 14,000 B.Th.U. per 
pound, we get 2-933 Ib. for ld., and 130,660 B.Th.U. 
for 1d. Take the petrol lorry as using 0 -65 1b. per brake 
horse-power per hour, each horse-power-hour will take 
13,650 B.Th.U. Take the coke lo as using 3 Ib. 
of coke per brake yey me your, each horse- 
te Me will take 42, B.Th.U. Charcoal can be 

ad for 40s. per ton. Considered on a sound economic 
basis, the petrol lorry has no hope of competing with the 
steam lorry—it happens just now to be in the fashion. 
While we are talking loudly of economy and the need of 
up-to-date service, we are wasting our money by buying 
expensive fuel from a foreign nation. To be up to date 
is to have sound economy, and it is not economy to pay 
ten times too much for our fuel. The public attitude is 
peculiar—money can be subscribed to float a company 
whose ob is to grow sago palms in New Guinea and 
extract alcohol from them for use in internal-com bustion 
engines—a rather fantastic scheme at its best, yet it is 
hard to get the public interest in the development of a 
— to utilise the splendid fuel we have right at our 

oors,”” 

The observations of this Australian engineer apply 
very forcibly to the conditions in this country. It is 
only too true that we are to-day not utilising our own 
natural transport fuels to anything like their full capacity, 
and we are in consequence losing substantial economic 
advantages which could be easily realised. 

The natural fuel of this country is coal, and its 
derivatives—coke, gas and creosote Coke is pro- 
duced generally in two forms: gas coke and oven coke, 
which is designed primarily for metallurgical purposes, 
and in which care is taken to remove sulphur and in- 
combustibles as far as possible before it is coked. This 
is a high grade solid fuel, and at 30s. a ton as now quoted 
yields by far the largest number of thermal units obtain- 
able for 1d. in this country, ee 74,000, as compared 
with 4,000 thermal units obtainable from 1 Ib. of petrol 
at 2s. 6d. per gallon. In other words, the number of 
thermal] units obtainable in coke is 18 times the number 
obtainable in petrol per unit of cost, though it is necessary 
to take into consideration the difference in the thermal] 
conditions between internal and external combustion, 
The author desires to be quite fair, even generous, to 
the internal-combustion method, by assuming that the 
external-combustion motor requires an expenditure of 
twice the number of thermal units in order to produce 
the same mechanical power. Under actual working 
conditions, as will be shown later, this allowance appears 
too generous to the internal-combustion motor. 

The Use of Coke as a Motor Fuel.—tIt is important 
that the coke should be broken to fairly uniform size 
for use as a motor fuel, the maximum size being 2 in. 
and the minimum fin. For gas coke, which burns more 
freely than oven coke, the dimensions may be slight! 
larger. In gas coke there is a larger percentage of ash 
than in oven coke, and it is important to consider what 
happens to this ash under the conditions of combustion 
on a motor vehicle. Some of the heavier ash descends 
by gravity into the ash pan, assisted the vibration 
of the vehicle, the spacing between the being wide 
enough to facilitate this descent. For vehicles operating 
on rubber t the space between the bars should be 
fin. or #} in.—for short distance journeys the spacing 
may be reduced to ¥ in. or even }in. n charcoal! is 
employed, the spacing should not exceed } in., otherwise 
too much of the charcoal will be lost through the fire- 
bars. Some of the ash from the combustion of coke is 
cintered by partial fusion, forming what is commonly 
called “clinker.” If fusion takes place at a high tempera- 
ture, the clinker is hard and non-porous and greater in 
quantity. By burning the fuel at a lower temperature less 
clinker is produced, and such clinker is sufficiently porous 
to allow the passage of air through it. By suitable 
conditions of combustion it is now practicable to run 
journeys of 100 miles without the necessity of clinkering. 

In order to secure a low-combustion temperature, the 
best results are obtained by using a water-jacketed 
fire-box instead of a brick-lined fire-box, In the former 
case there is the advantage of additional heating surface. 
When a brick lining is used for the fire-box, not only is 
heating surface lost, but chemical action takes = Al 
between the firebrick and the ash, forming a fusible 
slag, which rapidly corrodes the brickwork and necessi- 
tates periodic renewals. This is a distinct drawback, not 
only on account of the cost of material and labour 
involved in the renewals, but also of the loss of time 
during which the vehicle is out of service. 

Some of the ash is extremely light both in weight and 
colour, and is carried upwards from the fire by the 
draught. Most of this ash, which is as fine as flour, is 
carried away through the flue, but some of it adheres to 
the heating surface of the boiler, from which it should be 
removed by asteam jet every 200 miles or so. 


Influence of Moisture in Coke.—It is important to 
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country. In spite of the cheapness of coke and ch x 
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* Paper read before the Institution of Automobile 
Engineers, on Thursday, October 20, 1921. 





that all coke, except when incandescent, 
contains moisture, which is accounted for by the porous 
character of the fuel and the fact that it is frequently 
stored in the open and exposed to weather conditions. 
The percentage of moisture varies from 1} per cent. to 
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15 percent, From the user’s point of view, it is important 
to buy the coke as dry as possible, as it is obvious that 
with 10 per cent. of moisture in a reputed ton of coke 
there is actually only 18 cwt. of fuel, The presence of the 
moisture is not only a disadvantage when purchasing the 
coke, but it has been a source of trouble in the past by 
reason of its tendency to corrode the steelwork of the 
boiler. When the author to experiment with coke 
some years ago he found w others had discovered, 
namely, that the moisture evaporated from the fuel con- 
densed on the cold parts of the boiler, and the trace of 
sulphur in the coke when burnt combined with the wet 
surface of the steel, forming dilute acid, which rapidly 
corroded the steelwork. An effective remedy was soon 
found for this by making a rule of starting the fire in a 
cold boiler by a bucket of incandescent coke and adding 
no eold coke until the boiler got hot. 

When a coke-fired lorry is in regular daily service, 
it is customary to leave the residue of unburnt fuel, ash 
and clinker in the fire-box overnight, the heat of which is 
conserved, and as a consequence the boiler will be warm 
next morning, and may even have a pressure of 20 lb, 
or 30 lb. of steam ; the. author has known cases where 
as much as 100 lb. pressure remained in the morning. 
Under such conditions it will be recognised that there is 
no chance of condensation of moisture from the fuel, 
and, as stated above, there is no trouble from. corrosion 
by adopting the simple rule of using only incandescent 
coke when starting a fire in a cold boiler. 

The more efficient utilisation of coke as a motor fuel 
has been strenuously investigated by the author during 
the past eight years, and as a result very considerable 
developments and improvements have been made. 
The followin, ints may be quoted from tho report of 
the Technical Rosanises of the Royal Automobile Club 
on the trial of a 3-ton lorry to the author’s design carried 
out by the club in 1914. The gross running weight. was 
Shore 11} cwt., the net load carried being 2 tons 15} cwt. 
wheels 1,050 mm. Over the road between London and 
Brighton, via Redhiil, covered twice during the two days, 
giving a total distance of 109} miles per day with. coke 
of a calorific value of 12,468 B.Th.U., and of a size which 
would pass through a 2.in. mesh and be held by a 1-in. 
mesh, the consumption was found to be 4-08 lb, on the 
first day and 3-68 1b. on the second day per vehicle mile 
at a speed of 12 miles per hour; this is equivalent to 
1-335 lb. per ton-mile of load carried. The time taken 
to raise steam from all cold varied from 21} minutes to 
244 minutes, and. one replenishment of coke and one of 
water was required each day, There were nine stops, 
chiefly for trimming or re-filli the feed bunkers, 
throughout the two days, the total time oceupied being 
55 minutes. 

The principal improvements which have been made 
subsequently are in the adoption of an improved type of 
boiler, in which the use of firebrick is entirely done away 
with, which represents a considerable saving both in 
thermal efficiency and in cost of renewals. Another 
improvement on the 1914 type of vehicle is a greater 
simplification of the engine, and the adoption of the 
standard form of petrol motor transmission, namely, 
by clutch and gear-box. The engine has only one pcm 
two cylinders, and two valves, but notwithstanding the 
fewness of these parts, it gives a torque equivalent to a 
petrol engine having eight cylinders and 16 valves. 
Nothing more need be said to emphasise the difference 
in cost of engine maintenance, 

A lorry of the new design (type “‘ X"’) has been sub- 
mitted to a trial of 1,000 miles under ordinary service 
conditions by the South Metropolitan Gas Company 
in the retail delivery of coke from house to house, 
necessitating frequent stops and long waits; the weight 
of fuel used per ton-mile of useful load was found to be 
2-02 lb., included in which is the coke required for 
raising steam each morning. 

It is common apeion that coke is used quite 
successfully on many of atures types of steam lorries, 
but the experience gained with the Clarkson type a oa 
during the t five years has demonstrated that coke 
can be vu for long-distance express transport, which 
hitherto has been considered outside the capacity of 
steam vehicles, and suitable only for petrol lorries. 

In connection with the use of steam vehicles for long. 
distance transport, the question of water-replenishment 
has to be considered. ordinary type of steam lorry 
takes a charge of approximately 170 gallons of water, 
which suffices for a jounney of 25 miles; the actual 
distance run between replenishments is usually con. 
siderably less than this, owing to the absence of any 
recognised attempt to Ridnewr suitable replenishing 
stations on our main roads, It is of the highest import- 
ance for the proper development of steam road transport 
that our main roads should be equipped with suitable 
water-replenishing stations at tatetvale of from 20 miles 
to 25 miles. A replenishing station need only consist 
of a 1,000-gallon tank, elevated on a suitable staging so 
as to give good head, a canvas hose of not less than 2 in. 
diameter, and a plug valve. By this arrangement a 
lorry could be replenished wit water within 5 minutes, 
whereas under the present “ happy-go-lucky ” arrange- 
ment half-an-hour or more is usually wasted. Thi 
means not only a loss of time, but of the fuel which is 
burnt during the period of waiting, and it also means that 
the daily mile of the ordinary t of steam lorry 
might be considerably increased by the installation of 
suitable watering facilities. 

The author is a strong believer in the advantages of 
condensing the exhaust steam so as to reduce the weight 
of water to be carried, and to have the. advantage of 
using clean water all the time, which means not only 
less labour in boiler cleaning, but saving of fuel owing 
to the better average condition of the boiler. 

The utilisation of highly superheated steam, and a 
good ratio of expansion in the cylinders, has reduced the 


ar ratio was 7-4 to 1, and the diameter of the road | f 





weight of steam used per horse-power very considerably ; 
simultaneously, the improvement in con: Tr construc- 
tion has increased its capacity. and as a result it is now 

ible to condense practically the whole of the exhaust. 

ot only so, but under ave conditions of running a 
small vacuum is obtained which further helps in the 
general efficiency of runni Where a condenser is 
used it is, of course, essential to remove from the water 
of condensation al! traces of oil used in the lubrication 
of the cylinders. The greater ‘portion of this oil can be 
remo by ordin filtration, but unfortunately a 
portion of the oil will emulsify in the water, and the 
emulsified oil is not amenable to ordinary filtration. 
The emulsified oil can, of course, be removed chemically, 
but this is out of the question under the conditions. 
Tt ‘has, however, been discovered that by passin; the 
water containing emulsified oil between iron plates 
through which a slight electric current is passing, the 
constitution of the emulsion is so changed that it can 
be ame mee | removed by ordinary filtration. The de- 
velopment of electric lighting for motor vehicles here 
comes in very useful, and the small amount of current 
(less than 1 ampere) uired for the removal of the 
emulsified oi] can easily obtained from this source. 
The apparatus needs no attention except the renewal 
of the iron ‘plates every two years. The oil removed 
from the filter can be used for the general lubrication of 
the chassis, thus effecting further economy in operating 
costs. 

The Use of Coke in Portable Gas Producers.—In con- 
sidering the use of coke as a fuel for cx ial vehicles, 
recognition should be given to the work of D. J. Smith, 
Parker, and others, in the development of a portable 
gas producer, and it is ible that for some kinds of 
transport where the conditions are favourable, this may 
prove to be a valuable method of using coke. The gas 
producer on a large scale is accepted as an efficient 
appliance, but producers of the small dimensions required 
~ use on motor lorries necessarily lose some ty the 

vantages possessed by their big brothers. The large 
producer has a good “ Rywheel efect, and the fire is 
not liable to go out if the engine is stopped for an hour, 
whereas with the small portable producer the author is 
informed that there is risk of this happening if the engine 
is s d for about 10 minutes. In order to prevent 
this it is necessary for the driver to blow up the fire, or 
keep his engine running, which is a disadvantage from the 
point of view of p 1 attention and fuel economy. 

The starting of the engine of a 
much to be desired. The author 
cranking is frequentl y before gas of a suitable 
p veer is obtained. It should also be borne in mind that 
the heat generated in the gas producer by the first stage 
of combustion in order to convert solid carbon into carbon- 
monoxide is practically wasted. This amount of heat 
represents 26-6 per cent. of the total heat developed 
in the complete oxidation of carbon to carbon-dioxide. 
In this respect the steam boiler has an advantage, as 
it is able to utilise the heat yielded in the first as well 
as in the second stages of oxidation. 

There appears to be little to choose between the weight 
of the gas producer plus the extra weight of its engine 
and the weight of the engine and boiler of the steam set, 
but on the other hand, the last-named unit is simpler, 
is more flexible, and is capable of responding quickly to 
a sudden demand for power. It is also more easily 
understood, and requires less attention. The time 
required to prepare the gas ucer for service offers no 
advantage over that for raising steam. Another draw- 
back to the gas producer is the necessity for using fire- 
brick lining instead of a water jacket, since the firebrick 
rapidly deteriorates and must be renewed every few 
months. 

In the gas producer lorry the consumption of best 
quality oven coke carefully graded to 1 in. size is about 
3 lb. per vehicle-mile for 100 mile run on a 3-ton lorry, 
fully loaded. It is interesting to compare this con- 
sumption with the 3-68 1b. of ordinary gas coke consumed 
per vehicle-mile for a 3-ton steam lorry fully loaded 
over a distance of 1094 miles. 

Conclusion.—It must be recognised and admitted that 
when coke is used as a motor fuel, either for raising steam 
or making gas, the cost of transport may be very con- 
siderably reduced as compared with the petrol motor. 

Petrol at 2s. 4d. per gallon costs 4d. per vehicle-mile 
when operating a 3-ton lorry at 7 miles per gallon— 
which may be taken as a fair and even generous mileage 
allowance. Compare this with the performance of 
coke-fired vehicles—(a) steam, and (b) gas producer. 

(a) Steam.—Taking the average consumption on a 
journey of 100 miles at 44 Ib. of coke per mile, with 
coke at 40s. per ton, this represents a fuel cost of ld. per 
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ADMIRALTY GUN-METAL. 


The Effect of Increasing Proportions of Lead upon the 
Properties of Admiralty Gun-Metal. With an Appendix 
dealing with the Effect of Lead on Gun-metal containing 
Copper 85 per cent., Tin 5 per cent., Zinc 10 per cent.* 

By R. T. Ronre, F.1.C., Member (The Metallurgical 
Research Laboratory, Messrs. W. H. ALLEN, NS 
& Co., Lrp., Queen’s Engineering Works, Bedford). 
THE effect of lead in this alloy has been previously 

dealt with by H. 8. Primrose, J. Dewrance, F. Johnson, 

and the present author. 

Primrose’s experiments were on chill-castings, the 
influence of this impurity being studied up to a pro- 
portion of 3 per cent., the lead replacing an equivalent 
weight of copper. Lead was added to normally fine 
gun metal. img temperatures, etc., were not given. 

Dewrance’s work dealt with greensand castings, the 
addition of lead being carried as far as 16 per cent., 
always at the expense of the copper. Dewrance claimed 
for leaded -metal an increased resistance to the 
action of high temperatures as compared with the 
lead-free alloy, and stated that gun-metal containing 
0-5 per cent. of lead could be used without loss of 
strength up to 550 deg. F., while with the material of 
normal composition an enormous falling off, both in 


strength and ductility, occurred at a temperature of 
about 400 deg. C. As the results obtained by the 
Admiralty with the same two alloys do not confirm 


this contention, the matter is, however, still in some doubt. 

Johnson’s results were from small chill-castings. 

From a study of these papers in particular, and from 
the general literature on the subject, it appeared that, 
in spite of the previous work, the exact effect of lead 
in gun-metal was still quite uncertain. This opinion 
was confirmed by a consideration of the following 
varied opinions, extracted mainly from the papers in 
question, or from the discussions thereon :— 

F. Johnson: ‘Lead does not appear seriously to 
affect the mechanical properties, although it is possible 
the resistance to shock is lessened.” 

H. 8. and J. 8. G. Primrose: “It has even been 
claimed that with half of 1 per cent. of lead in gun-metal 
the tensile strength of the alloy is improved, but this 
is very doubtful.” 

W. Ramsay: “Even 0-5 per cent. of lead would 
reduce the tensile strength very materially.” 

A. E. Seaton: “ At one time lead was looked upon 
as a@ public enemy, but now everybody was proving 
what a good friend it really was.” 

: “The author has also found that 1 per 
cent. of lead does not affect the quality appreciably.” 

Owing to this uncertainty, it was decided to carry 
out a further series of tests on the same lines as in the 
case of the antimony and arsenic saneegeene pre- 
viously published (see Enornzrertne, Vol. cx., pp. 
689 and 752). 

A number of synthetic alloys were prepared, showing 
a@ progressive increase in the proportion of lead, both 
sand. and chill-castings nag & side by side, while 
casting temperatures were determined, and complete 
analyses were made of all the different compositions, 
these being correlated with the mechanical test results, 
soundness of castings, hardness, Stanton im values, 
and with the microstructures. Apart from the complete 
pope ey of all the alloys, complete anal were made 
of all the original constituent metals used. 

In the case of each alloy, the residual metal from each 
melt, after the requisite sand- and chill-cast bars had 
been poured, was cast into ingots. These were later 
re-melted, without any afldition being made, and further 
bars were cast, while again casting temperatures were 
determined and analyses made. This procedure afforded 
an additional check upon the influence of the lead, and 
also gave information as to the variation in composition 
caused by re-melting. The oe proportions 
of lead aimed at were, respectively, none, 0-5 per cent., 


1-0 per cent., and 1-5 per cent. The descriptions 


and analyses of the copper, tin, lead, and zinc, re- 
spectively, that were used are subjoined : 
Copper Rio Tinto Best Selected. 
Tin Messrs. Williams, Harvey and Co.’s 
“Lamb and Flag” Brand. 
Lead Messrs. Quirk, Barton and Burns, St. 
Helens, Brand as stated. 
Zine Messrs. Suzuki and Co.’s “ Rising 


Sun ” Brand. 
The respective analyses of these metals were as follows : 
Taste I.—Analyses of the Componenis. 





























vehicle-mile. | “ Lamb Quirk, Suzuki 

(b) Gas Producer.—Assuming the consumption to be oe Rio Tinto |. 44 Fla »»|Barton and and Co "g 
3 Ib. of coke, the cost for fuel would be two-thirds of Copper. Tin’ | Burns’ Zinc. 
a penny per vehicle-mile. d. 

ro this must be added the extra cost of maint 
of the producer and engine, which the author is convinced : eule 
would give a net result showing a substantial balance in| , nic La his a bas Wickende \eanmee * 
the cost of operation tothe credit of an up-to-date steam | Ame" : nil 

: : Antimony nil 0-10 0-08 
vehicle using coke as a motor fuel. Tin traces 99-30 0-14 nil 
a ce | $3 | “as. | Se 
Iron races 0% . ‘ 

AUSTRALIAN STanpDaRD SPECIFICATIONS For Raits| Bismuth nil nil a m7 
AND FisHpiatss.—His Majesty’s Senior Trade Com- | Sulphur _ elded = -" 
missioner in Australie (Mr. 6. W. M. MoGregor) hes —" a Geete:ch ‘eames }:00-e8t 
transmitted to the Department of Overseas Trade a} giver __ traces nil traces a 
copy of the Australian standard specifications for rails | Oxygen, &e. 
and fishplates. issued by the Institute of Science and| (aiff) 0-07 “ és _ 
Industry, which the various railway on in| Copper .. 99-29 0-140 0-05 traces 
Australia have agreed to adopt for their specifications. ieee 
This publication may be inspected by United Kingdom 100-00 | 99-838 | 100-00 ~ 99°93 
firms interested, on application to the Inquiry Room, — . 
Department of Overseas Trade, 35, Old street, * Abstract of a dg = at the Birmingham meeting 
London, 8.W. 1. of the Institute of , September 21, 1921. 





Oct. 21, 1921.] 


ENGINEERING. 


581 








It will thus be seen that the bm _ = zinc were 
of a good de of purity. i ‘into copper, 
which was me enly brand available at the Bem. 
contained 0-18 per cent. of lead, an exceptionally high 

for this brand. For experiments on the effect 
of lead, this feature was, of course, of little importance. 
It also contained 0-46 per cent. of arsenic, which is 
not, unusual in this copper. The result was that all 
the lead alloys contained nearly 0-5 per cent. of arsenic. 
As this, however, appeared to lead to no particular 
falling away in the quality of the nominally lead-free 
metal, and as exactly the same proportion occurred 
in .each of the leaded alloys, which again showed a 








Metxop or Currinae up Bars 
(Borrom 1s To Lxrrt). 


(1) Reserved. 
(2) Tensile piece. 


(3) Hardness piece. 
(4) Micro-piece. 





‘a ee 
Percentage Lead. 


Percentage Lead 


, Fic. 3. Sanp-Cast. Fie. 4. Cxi-Cast. 


Results from melts shown as full lines ; results from re- 
melts as broken lines. The chain line represents the 
minimum figure of the Admiralty specification for ulti- 
mate stress, and the dotted line the corresponding 
minimum figure for elongation per cent. 


Tasiz II.—Lead Contents and Casting Temperatures of 





















































Lead Alloys. 
Melt. Re-melt. 
| Cast- Cast- 
Lead ing Lead ing* 
Con- Des- | Tem- Con- Des- | Tem- 
tent | Mark. crip- | pera- tent | Mark crip- | pera- 
per tion. | ture, per tion. | ture, 
Cent Deg. C. Cent, Deg. C. 
| | 
0-17 | A1C; &g Chill | 1,210 | 0-18 | B1O, &o| Chill | 1,220 
0-17 | Als, &2 Sand | 1,210 0-18 | B18; &9| Sand | 1,220 
0:86 | A2C, & Chill | 1,220 | 0-91 | B20, &»| Chill | 1,210 
0-86 | A2S; &> Sand | 1,220 | 0-91 | B28; &o| Sand | 1,210 
1-46 | A3C, & Chill | 1,220 | 1-48 | B38C, &o| Chill | 1,210 
1-46 | ASS; &» Sand | 1,220 | 1-48 | B3S; &o| Sand | 1,210 
1-68 | A40, &o Chill | 1,200 | 1-67 | B4C, & | Chill | 1,230 
1-68 | A48; &2 Sand | 1,200 | 1-67 | B43; &9| Sand | 1,230 
Taste III.—Analyses of Lead Alloys. 
0-1 0-86 1-46 1-68 
per Cent. | per Cent. | per Cent. | per Cent. 
Pro on 
of in j | { 
Melt of Alloy. | me. | Re- | Re. | Re. 
Melt. melt.| Melt.| melt. Melt. melt.| Melt.| melt. 
} | 
per | per | per | per | per | per r 
cent.| cent.| cent.) cent. cent.) cent.) cent.) cent 
Copper 87 - 72/88 - 23/87 -30 87 -84/86 -58 87 -39/86-23 86-27 
Tin .. 9-97|10 -04/10-05/10-00/10-04) 9-95/10-12/10-17 
Antimony trace) trace} trace) trace trace trace 
Arsenic 0-48) 0-47) 0-50) 0-47) 0-48) 0-48) 0-47 0-49 
-| 0-08, 0-05) 0-07; 0-04) 0-06) 0-05) 0-06 0-06 
Lead... 0-17) 0-18) 0-86, 0-91 1-46) 1-48) 1-68, 1-67 
Zinc .. 1-54) 0-98) 1-16 0-72 1-33) 0-62) 1-42 1-30 
Nickel ce| trace trace) trace) trace, trace} trace, trace 
90-96 /90-05 99-04)90-08)09-05 90-97 99-98 99-96 
} 














marked variation in properties with the variation in 
the proportion of lead, it was not considered that the 
presence of the arsenic could have any masking effect 
on the true action of the lead. 
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manufacture of the alloys a 50-Ib. was 
used, copper being melted first, the tin and lead 

ing then added, and the zinc last, just before pouring. 
A pit-fire was used, operated by natural draught. The 
time of melting, from the start to pouring into the 
moulds, was approximately 2} hours. No flux or other 
covering material was =i in any case. The 
size of the bars, both sand and chill, was 1 in. in diameter 
by 15 in. long. The top 3 in. of each bar was cut off 
in the foundry, to ensure the removal of any piped 
material. Four bars were cast from each melt, two sand 
and two chill, The weight of the metal moulds in 
which the chill-cast bars were made was 26 Ib., and the 
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Fic. 2. Sanp-Cast Leap Serres arTe 








gressively increases both the strength and the ductility 
of the alloys, while above 1-5 cent. both figures 
show some falling away. The Sedan is shown equall 
well in both melts and re-melts. As com with 
the results from the melts, the re-melted alloys show 
an improvement in both stre and ductility. It 
will be noticed that as the ductility increases the Shore 
and Brinell hardness fall away, so as to show 
a minimum figure at 1-46 per cent. of , the point of 
maximum ductility. results, which are thus very 
consistent, are quite different from those of the previous 
workers, already referred to. 

As has been previously seen when investigating the 
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Taste IV.—Mecnanicat Test Resutts or LEapD ALLoys. 




































































Sand-Cast Bars. Chill-Cast Bars. 
Marks 
Lead Melt or | Casting on Stanton Hardness Stanton Hardness 
ad.!| Re-melt.| Temper-| Test- Ulti- Test Figures. Ulti- Test Figures. 
ature. | pieces. | Yield | mate | Elon- | Im Yield | mate | Elon- | Im 
Point. Stress.|gation.| to - Point.| Stress.|gation.| to Frac- 
ture. | Shore.| Brinell. ture. | Shore./ Brinell. 
tons | tons tons | tons 
per per per per per per per 
cent. deg. Cc. sq.in.|sq.in.| cent. sq.in.|sq.in.| cent. } 
0-17 | Melt ../ 1,210 A18 & C)10-4 14-8 | 11-5 191 8-5 74 10°6 | 17°1 5-0 30 9-0); 91-0 
0-86 | Melt ..) 1,220 A28 & C| 9-84 | 15-7 | 12-5 217 7-0 70 11-44) 15-7 4°5 17 8-0 87-6 
1-46 | Melt ..} 1,220 A38 &C} 9-8 15-9 | 15-0 103 6-0 66 10-18} 14°3 3°56 31 7-0 82-6 
1-68 | Melt ..| 1,200 A48 &C/ 9-4 15-8 | 10°5 59 7-0 69 10-9 | 14°3 2-6 25 7°56 89-0 
0-18 | Re-melt| 1,220 B1S & C| 8-72 | 17-0 | 15-0 107 8-5 74 11-14) 15-7 5-0 67 9-0 92-0 
0-91 | Re-melt/ 1,210 B28 & C}10-08 | 17-5 | 16-5 156 7°56 71 10-64) 15-9 5-5 33 8-0 91-0 
1-48 | Re-melt| 1,210 | B3S &C| 9-24 | 17-5 | 19-5 127 7-0 69 9-76) 18-9 | 3-5 23 7-0 | 85-0 
1-67 | Re-melt| 1,230 | B48 &C} 8-18 | 16-2 | 13-5 104 8-0 69 9-56) 14-8 | 3-0 19 8-0 | 89-0 


wall was about § in. thick at the , increasing to 
1} in. at the bottom, and about 1} in. thick in the actual 
base. These moulds were, as usual, heated before 
casting in order to get rid of moisture and to avoid 
unsoundness. They were coated on the inside with 
— linseed oil, The sand-castings were in green- 
sand. . 

The details of the different a of lead actually 
obtained in the eight different melts, and the temperature 
at which the bars were cast, are given in T. Il in 
the previous column. 

The casting temperatures recorded were those of 
the metal in the shank ladle before pouring into the 
moulds, and were determined by means of a Foster 
pyrometer (nickel-chromium and nickel), reading to 
a little above 1,350 deg. C. The accuracy of the instru- 
ment was checked each time it was used against both 
a Féry radiation pyrometer and a Paul platinum, 
platinum-iridium pyrometer, no variation greater than 
10 deg. C. being recorded at the temperatures at which 
it was operating. 

The way in which each bar was cut up for examination 
is shown in Fig. 1. The complete analyses of all the eight 


.| alloys, four from melts and four from re-melts, are 


detailed in Table III. The respective compositions were 
thus not seriously altered in re-melting. There is the 
usual reduction in the proportion of zinc, and rise in that 
of the r. 

The Effect of Lead w the Mech l Test Ri — 
The figures in Table IV. were obtained for this series of 
tests. The results as a whole are plotted as graphs in 
Figs. 3 and 4, com with the minimum figure laid 
down by the Admiralty specifications for this material, 
viz., an ultimate stress of not less than 14 tons per 
square inch, with a minimum elongation of 7-5 per cent. 
on 2in. Fig. 2 shows the sand-cast series bars. 

Taking first the results from the sand-cast material, 





The sand-cast tensile bars are shown in Fig. 2, above. The chill cast bars are not reproduced. 





it will be seen that lead up to about 1-5 per cent. pro- 








effect of antimony and arsenic, these effects of 
somewhat masked in the chill-castings. 
the hardness figures of the chill-castings 

quite well with those of the sand-cast , the effect of 
lead, seen in the latter, of pages | the s 
ductility up to 1-5 per cent. is shown, 
there are indications of a turning- in the ultimate 
stress curve with this p’ rtion of lead, but associated 
with a minimum rather a um . The 
ductility, again, ap to show a ve f 
away as the lead increases, the lowest of 
being obtained with the maximum proportion of lead. 
These results are thus nearer to those of Primrose, 

From the view-point of strength and ductility, there 
thus appears in the case of sand-castings, no justification 
for the limiting in the Admiralty epecificas ion of the lead 
content of this alloy to 0-5 percent. Up to 1*5 per cent. 
might be allowed. This would result in improved 
mechanical qualities. As will be seen later, however, 
there are other considerations, to which due weight must 
be attached. 

The Effect of Lead upon the Soundness of the Castings.— 
No difference in this respect was observable in the case 
of either the sand- or chill-cast bars pomingee: He! 
a proportions of lead, all of which were pe ly 
sound, 

The effect of Lead on the Hardness.—Shore and Brinell 

ess determinations were made on pieces cut from 
the same correspondi gen omy at the top of each bar, 
as shown in Fig. Lt plane surfaces on which the 
tests were made were finished by Hubert’s No. 1 emery 
paper. All Shore figures are a mean of seven determina. 
tions, and all Brinell @ mean of three, with a 
pressure of 500 kilos. The results obtained are shown 
in Table IV. and Figs. 3 and 4. The effect of lead is 
the same in both sand- and chill-castings, Coarsgpees | 
reducing the hardness up to about 1-5 per cent. 
increasing it again afterwards, this 
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“ stated, in the case of sand-castings, correlated with 
the ductility. 

The Effect of Lead on the Resistance to Repeated Im- 
pact,—Thi D on has frequently been referred to when 
the effect of this impurity on gun-metal has been dis- 

d, and it therefore desirable to investigate 
it. The material available, however, was only one bar 
of each of the eight alloys, the companion bar to that 
used in each case for the tensile test. It was, therefore, 
impossible to carry out any serious tests, which would 
have required a large number of bars, and several different 
intensities of loading, so as to yield a curve giving some 
rough indication of the safe range of stress, or the limiting 








¥ 


Fic. 5. From Bar A4S. 1-68 PER 
cent. Leap ALLoy, 
PLaIn PoOLIsHED. 


6. 
Sanp-Cast. 





Fic. 7. From Bar AlS. 0-17 PER 
cent. Leap Atioy, Sanp-Cast. 
Ercnep with AMMONIUM PER- 
SULPHATE. 


Fia. 8. 





Fie. 9. From Bar A1C. 0-17 PER 


Curi-Cast. 
Ammonium PeEr- 


cent. Leap ALLOY, 
ETcHED WITH 
SULPHATE. 


blow which could be applied rspéatedly without leading 
to ultimate failure. Again, the practical interpretation 
of even such a curve presents some difficulty, so that it 
is with very much reservation that the author puts 
forward the results of Stanton re impact tests 
made under only one set of conditions, and these such 
as to lead in all cases to a speedy failure of the material 
being tested. The results are thus only points on Wohler 
curves, the exact forms of which are unknown, and can 
only be regarded as a very rough indication of the 
shock resistance in so far as t ifferent alloys are really 
eae in this manner. 
machine employed was that made by the Cam- 
Scientific Instrument Company, using the standard 
. tup, falling from a height of 2 in., and ces | 
impacts per minute. The test-piece used was 0 
0-5 in. diameter, notched down in the middle to 0-4 in. 










cent. Leap ALioy, Cxaiiu-Casrt. 
Piarn POLisHED. 


CENT. Leap ALtioy, Sanp-Cast. 
ETCHED WITH AMMONIUM PER- 
SULPHATE. 





Fie. 10. 
cent. Leap Atvoy, Cuirt-Cast. 
ErcHeD with AMMONIUM PER- 
SULPHATE. 


MAGNIFICATION IN ALL Cases 100 DIAMETERS. 





by a square notch 0 -05 in. wide, the corners of the groove 
having a radius of approximately 0-01 in. The results 
are shown in Table IV. and Figs. 3 and 4. 

It will be seen that in the case of the sand-castings, 
with both melt and re-melt, a maximum impact 
was associated with the presence of 0-86 per cent. of 
lead, while the presence of larger quantities of lead 


caused a progressive falling away in this figure. With 
the chill-castings, the pe. Ho pe the melt were some- 
what erratic, while in the re-melt the highest impact 
figure was obtained from the alloy most free from lead, 
3 lead causing a steady falling away in this 
value. 
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From Bar A4C. 1-68 PER 


Conditions under 
which 
gun-metal castings 
are subjected to 
severe repeated 
stresses undoubted- 
ly often occur in 
service. Stresses of 
the nature of abrupt 
shocks probably do 
not often arise. The 
case of a main cir- 
culating water-pump 
casing may be 
quoted. If the im- 

lier is actuated 

y @ single crank- 
engine, it is quite 
commonly the case 
that the fluctuating 
impulse of the water 
causes an actual 
“ breathing” of the 
thin pump casing, 
evidenced not onl 
by hearing and feel- 
ing, but also quite 
visibly to the eye 
as an e ion and 
contraction, giving 
a pronounced tremor. 
This, of course, 
causes a falling away 
in the efficiency of 
the pump, by reason 
of water leaking 
back from the pres- 
sure side past the 
cheeks to the suction 
side of the pump, 
and is also evidence 
of severe repeated 
stresses in the walls 
of the casing in question. It is thus desirable that the re- 
sistance of the metal to repeated impact should be as 
high as possible. 
that a turbine-driven circulating water-pump, in which 
this fluctuating effect could not occur, is much more 
suitable than a reciprocating engine for the purpose 
in question. Turbines are, of course, supplanting steam 
engines for this purpose, but many of the latter sets 
were in use during the war and are probably still 
to-day. 

From these tests, it will be seen that in the case of 
sand-castings of this alloy, but not with chill-castings, 
the addition of 1 per cent. of lead could be recommended, 
in order to increase its resistance to repeated im ‘ 
As sand-castings constitute practically the whole of the 
castings made and used for any ae wry where repeated 
impact enters into the case, the fact that in chill-castings 
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figure | well known 
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Fie. 11. Sanp an 
METAL CONTAINING RESPECTIVELY NO LEapD, 
CENT., AND 2 PER CENT. OF LEAD. 


Admiralty | the 





increasing lead appears to cause a steady falling off in 
the im: resistance is not of great moment. 
The Effect of Lead on the Microstructures.—This has 
discussed by previous workers. It is, for example , 
that in Admiralty gun-metal, phosphor- 
bronze, plastic bronze, and similar alloys, practically 
all the lead separates out when the metal is solid, and 
can be readily observed in a polished specimen that has 
not been etched as a number of dark and more or less 
rounded inclusi ttered irregularly through the 
matrix. Further, as has been already stated by Law, 
these lead inclusions are frequently “torn out in the 
process of polishing, leaving pits which appear as black 





p> Cuitt-Cast Bars of 85:5: 10 Gun- 
1. PER 


dots in the photograph.” This is well illustrated by 
figure Law gives. The question has also been dealt 
with by Gilligan and Curran. 

On account of this separation of the lead, it is possible 
by a planimetric determination, by making due allowance 
for the specific gravity of the lead, to estimate approxi- 
mately the proportion of this impurity present in a 
particular alloy. This, of course, varies in different parts 
of the same casting, owing to segregation of the ead. 
For example, in the 1-68 per cent. sand-cast alloy, the 
author found, by this method, — of lead 
varying between 1-08 per cent. and 3-26 per cent., the 
average figure approximating to that returned by 
analysis, viz., 1-68 per cent. 

These small particles of lead are associated with and 
set in the eutectoid. The result of this is that, since 
in a chill-blast n-metal the eutectoid particles are 
much smaller and more evenly distributed than under 
the conditions of slower cooling obtaining with sand- 
cast metal, so in the chill-cast alloy are these particles 
smaller and more evenly distributed than in the other 


case. 

This is illustrated in Figs. 5 and 6. The former 
shows, at a magnification of 100 diameters, a plain 
polished section of A48, the alloy containing 1-68 per 
cent. of lead, sand-cast. The same alloy, chill-cast, 
and photographed under the same conditions, is given 
as Fig. 6. In the latter case the lead segregates are 
smaller and more evenly distributed through the matrix. 
The other alloys show the same features, but with the 
lesser proportions of lead. 

The normal structure of gun-metal is best developed 
by etching with a saturated solution of ammonium 
persulphate. Fig. 7 shows the microstructure of A 15, 
the sand-cast alloy containing 0-17 per cent. of lead, and 
Fig. 8 that of A 48, the 1-68 per cent. lead alloy, both 
at a magnification of. 100 diameters. These show in 
each case the light matrix of primary a, the areas of 
secondary a as isolated and as ramified areas separated 
from the primary a by well-marked boundaries, while 
the eutectoid and lead areas are inset in the secondary a, 
the former, when free from lead, appearing as the usual 
speckled constituent, with angular outlines, while 
the lead segregations, or more frequently the cavities 
left therefrom, are dark, rounded, and somewhat feature- 


There is again the obvious deduction | less 


Fig. 9 shows the microstructure of A1C, the chill- 
cast alloy containing 0-17 per cent. of lead, and Fig. 10 
that of A4C, the 1-68 per cent. lead alloy, at the same 
magnification as before. The structure of chill-cast 
gun-metal is not very well resolved at this magnification, 
and, as the lead segregations are smaller and much more 
dispersed, they are very much less noticeable than in 
the case of the sand-cast alloy containing the same 
——_ of this impurity. The lead may, however, 

readily observed on the plain polished specimen, as 
has been illustrated. 

General Considerations regarding the Presence of Lead 
in Gun-metal.—The chief adverse effect of lead in gun- 
metal is that owing to the long cooling range of 200 deg. C. 
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(during which the lead is of course molten, and is, as 
re practically the whole of the lead present, merely 
mechanically contained in the alloy) there is an increased 
tendency towards segregation of the a-¢ eutectoid. 
Ramsay mentions the extrusion from a heavy casting, 
containing an ave proportion of 0-5 per cent. of 
lead, of a brittle white constituent containing 6-5 per 
cent. of lead, and on to say, “The extraordinary 
concentration of the lead was su tive. It would 
almost appear as if the tin and lead had combined to 
form a low melting-point alloy which had sweated out. 
It might explain the objection to lead in gun-metal.” 

The author does not know on what grounds the 
permissible proportion of lead in gun-metal was limited 
by the Admiralty specification to 0-5 per cent., probably 
rather on the grounds of general mechanical quality 
than in view of the somewhat unusual phenomenon 
referred to. From the present work it will be seen 
that in regard to strength and ductility the limitation 
pe ey unnecessary, for it is only on exceeding a figure 
of about 1-5 per cent. that any falling away becomes 
noticeable, while, up to this figure, a steady improvement 
is obtained. Since the atest impact resistance 
appears to be associated with a figure of about 1 per 
cent., it is here suggested that Admiralty -metal 
might safely contain 1 per cent. of lead without any 
prejudicial effect, but rather an improvement in the 
general quality of the castings. The liquation trouble 
has not been experienced by the author in the case of 
gun-metals leaded up to 2 per cent. and 3 per cent., 
even with castings of moderately heavy design. In 
the case of many large castings, for example, main 
circulating pumps for battleships, where one may have 
a casting anything between 10 cwt. and 30 cwt. in weight, 
but with a maximum thickness of metal in the walls 
of the casting of possibly only some ¥ in., it would be 
practically impossible, owing to the design of the casting, 
for such liquation to take place. Under certain cir- 
cumstances, as has been already seen, it may occur, 
but where a casting is heavy and of massive section such 
tendency could be guarded against. 

There are one or two other points to consider. One is 
that of the machinability of the alloy, which it is almost 
superfluous to say is much improved by the addition of 
lead. There is further the question of corrosion, in the case 
of which it is suggested that we have no data to show 
that the resistance to corrosion might not be increased 
by the addition of 1 per cent. of lead. 

Compare the 2 per cent. lead-brass (Muntz’s “ Ner- 
gandin ”’), for which, when used as condenser tubes, a 
considerably increased resistance to the attack of sea- 
water is claimed than in the case of plain 70 : 30 brass. 

If there exist, among the Admiralty records or else- 
where, any data as to definite effects of lead in the 
direction of Accelerating or retarding the corrosion of 
this alloy, this would appea? a convenient opportunity 
of putting the same on record. Such data would confirm 
or modify the opinion here expressed. 

In the case of gun-metal used for bearings, the increase 
in the lead would be advantageous. Thus it has been 
demonstrated by Charpy, by means of compression 
tests, that in the case of copper-tin-lead-zinc alloys, 
the addition of lead increases the plasticity of the bronze ; 
while, with similar alloys, W. K. Frank found that the 
addition of lead gave rise to decreased wear as com- 
pared with the lead-free alloys. It would appear a 
little strange that the presence in a bronze of a number 
of small particles of a soft and plastic metal having a 
higher coefficient of friction that the surrounding matrix 
should lead to decreased wear in a bearing made from 
the alloy, which decrease wear could presumably only 
result from decreased friction. Such, however, appears 
to be the case, 

There thus appears to be a good case for increasing 
the permissible Timit of lead in sand-cast Admiralty 
gun-metal from 0-5 per cent. to 1 per cent. It is clear 
that the supposed prejudicial effects of lead in gun- 
metal, have anyhow, been somewhat exaggerated. 

Conclusions.—In sand-cast Admiralty gun-metal, 
the addition of lead up to a certain proportion pro- 
gressively increases the strength and ductility and 
decreases the hardness. At a point corresponding to 
the presence of about 1-5 per cent. of lead, the strength 
and ductility begin to fall away and the hardness in- 
creases. Maximum resistance to repeated impact is 
obtained from the alloy containing about 1 per cent. 
of lead, larger quantities causing a progressive falling 
away in this respect. There is no apparent effect on 
the soundness of sand-cast gun-metal containing up to 
1-68 per cent. of lead. Lead is readily detectable in 
the microstructure. 

In chill-cast gun-metal these effects are somewhat 
masked, The effect of increasing lead on the hardness 
is well correlated with that of the sand-cast material, 
with a change-point at about 1-5 per cent. of lead, but 
associated with a minimum rather than a maximum 
stren, The ductility shows a progressive 
falling away as the proportion of lead increases. The 
same remark applies to the impact figure in the case 
of the metal melted twice, the results from the metal 
melted once being much more irregular. There is no 
apparent effect on the soundness of chill-cast -metal 
containing up to 1-68 per cent. of lead. Lead is not so 
readily observable in the etched material, but can be 
quite well detected on the plain polished surface. 

—— from the effect of lead on the mechanical test 
results, the general considerations regarding the effect 
of lead are also di d, includi he stion of 


The author desirés to express to Messrs. W. H. Allen, 
Sons and Company, Limited, his thanks for their per- 
mission to publish the results detailed in this paper. 


APPENDIX. 
The Effect of Increasing Proportions of Lead on Gun- 
Metal containing Copper, 85 per cent. Tin 5 per cent., 
Zine 10 per cent.—In view of the somewhat unlooked 


increase in softness and ductility, The results from the 
a as usual, more erratic, but show on 
the whole same tendencies, 

As in the case of the 88: 10 : 2 gun-metal, both sand- 
and chill-cast, the hardness of the sand-cast. 
85: 5:10 alloy show a minimum, in this instance at a 

of 1 per cent, of lead, after which there is an 





for results obtained from the 88 : 10 : 2 alloy, it 
was considered that it would be of interest to extend 
the investigation on the eftect of lead to another zinc- 
tin-copper alloy in common use. For certain purposes 
the Admiralty alloy must naturally be used, for example 
for bearings, for dises for high-lift pumps, and for 
similar purposes where is a desideratum. On 
the other hand, for general castings where special hard- 
ness is not requisite, and where the Admiralty specifica- 
tion has not to be my says with, cheaper mixtures, 
obtained by decreasing the proportion tin and in- 
creasing that of zinc, may often be substituted with 
advant The result is a progressive slight decrease 
in the yield point and maximum stress figures, accom- 
ied by an increase in ductility, due to the decrease 
in the proportion of the hard and brittle 3 constituent. 
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The results obtained from some of the author’s melts 
and re-melts of the 88: 10:2, 87: 8:5, and 85:5: 10 
alloys, showing the relations between them, are sub- 
joined. 

Taste V.—Mechanical Test Resulte of 88:10: 2, 

87:8: 5, and 85: 5: 10 Gun-Metals respectively. 








Gun-Metals. , | Tensile Tests 
s} 43! .¢| Melt or | Shore | FF Pa al Bs 
SE flee, Re-melt. \(Magni- Shs #244: 
BS | £588 | fier |Brinell| 2) Ee?! && 
8 & | 5 IN Ham- | SSS\28.) 8 
é a z mer) tw P38 ae 
} | j 
8s | 10 Melt .. 16 77. | 10-4) 17-0 | 14-0 
88/10| 2 Re-melt | 14 79 | 9-2) 17-0 | 17-2 
87| 8| 5| Melt ..| 18 80 | 8-3 | 16-8 | 18-7 
87| 8| 5 Re-melt | 19 83 | 8-3 | 15-5 | 15°6 
85| 5|10 Melt ..| 15 69 | 7-8 | 16-0 | 25-0 
85| 5|10 Re-melt 15 69 | 7-7 | 15+5 | 28-4 
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The effect of increasing the Pe geevages of lead in the 
case of the last alloy was studied by oo 
chill-castings of the normal alloy, and also by adding 
respectively 1 per cent. and 2 per cent. of lead in addition. 
The conditions were otherwise similar to those already 
described in the case of the 88: 10:2 alloy, while the 
casting temperatures were all in the region of 1,200 deg. C. 
The following results were obtained :— 


Taste VI.—Mechanical Test Results of 85: 5:10 Gun- 
Metal containing Varying Proportions of Lead. 
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liquation, machinability of leaded gun-metal, corrosion, 
and behaviour as a bearing metal. 

It is su ted that in sand-cast gun-metal, the 
proportion of lead permitted by the Admiralty specifica- 
tion might with advantage be increased from 0-5 per 
cent. to 1 per cent. 





The tensile bars, sand- and chill-cast respectively, are 
shown at Fig. 11. 

The hanical test Its are plotted in Figs. 12 and 
13. It will be seen that in sand-castings of this alloy 
increasing lead causes a slight falling away in the yield 








point and ultimate stress figures, with a corresponding 





i in the hardness. The t alloy, however, 
when chill-cast, tends to show reverse, a maximum 
hardness at the point in question. 

No differences in peed: ees could be observed in the 
case of the three alloys in either method of ire. 

The microstructure of the 85:5:10 alloy differs 
from that of Admiralty gun-metal in that the eutectoid 
has all disappeared, the alloy being now composed 
entirely of a. The lead, however, is still observable 
as separate segregations, or as cavities resulting from the 
tearing out of the same, 

Taking the two ae oy. oye as a whole, one of the 
outstanding features is the fact that, up to a certain 
proportion, the addition of lead to zinc-tin-copper alloys 
considerably increases the ductility. This was referred 
to more than forty years ago by Boyd Dawkins,* who 
remarked, regarding the ancient bronzes, “Lead would. 
increase the toughness of the alloy.” The work now 
put on record affords an interesting confirmation of 
the correctness of this view, which would also appear 
to be in accordance with those of some of the other 
experimenters whose work has been referred to. 





EXPLOSION OF A STEAM-HEATED 
CALENDER, 

A REPORT on a Preliminary Inquiry under the Boiler 
Explosions Acts, 1882 and 1890, made by one of its 
Engineer-Surveyors, Mr. Binmore, Hull, has just been 
issued by the Board of Trade, with re to the 
explosion of a steam-heated calender at the Cromwell 
Laundry, owned by the Cromwell Laundry Company, 
Peel-street, Hull. This occurred on February 28; one 
of the female workers being badly scalded and other- 
wise sustained severe injury. 

The calend isted of a hollow cast iron bed of 
semi-circular form, capable of being heated by steam 
admitted to the space between its inner and outer walls, 
and a cast iron roller, which revolved on a central shaft 
in the are formed by the inner wall of the bed. 
material to be ironed was passed through between the 
two and subjected to heat and p The di t 
of the roller was 18 in., and the are of the inner wall of 
the bed was such that the roller was a working fit therein. 
The roller was not steam-heated. The bed was 6 ft. 84 in. 
in length, and was of cast iron. The inner and outer 
walls generally { in. thick, were connected one to the 
other longitudinally, the connections being at one side 
4 in. thick, and on the other, which was at the side from 
which material was fed into the machine, § in. thick. 
Six webs were cast at each end to form ties between the 
inner and outer walls, and also to provide anchorage for 
the screw bolts, eight in number and of § in. diameter, 
which sec a cover plate at each end to close the 
openings between the webs. In addition, there were 
eight intermediate ties of 6} in. by } in. section. The 
surface of the inside wall and of the connection between 
the inner and outer wall at the delivery side of the bed 
were machined, There was also a ve, # in. wide b 
} in. deep, machined longitudinally in the outer wall, 
into which a brass plate fitted in order to form a guide 
for the material leaving the machine. 

The bed was heated by steam admitted through a } in. 
bore iron pipe, and controlled by a screw-down stop 
valve of the same size. The outlet was by a similar 
pipe, connected with asteam trap of the thermo-regulated 
type. A steam pressure gauge registering to 160 lb, per 
square inch was fitted to a branch on the steam inlet 
pipe between the stop valve and the bed. 

The machine was made by Messra. Summerscales, 
Keighley, in 1906, and was therefore some 15 years old: 
at the time of the explosion. The firm is now defunct. 
No repairs appear to have been made, except that the 
end covers were rejointed about August, 1920. The 
calender was not insured, and had not been inspected 
during its present ownership, but was inspected periodic- 
ally from 1913 to 1919 whilst in the ownership of Mr. 
Davy, Snowflake Laundry, Hull, by the inspectors of the 
Vulcan Boiler and General Insurance Company. 

When the explosion occurred the outer wall of the 
calender bed fractured lengeenneny for almost its 
entire length, generally following the line of the groove 
which ead gg brass plate carrying the material 
from the machine. About two-thirds of the entire outer 
wall was forced downwards, and broke from the remainder 
of the casting into five sections. The framework carry- 
ing the hed of the machine was forced out of alignment, 
but no other damage was occasioned, except the case of 
personal injury above mentioned. . 

The explosion was caused by the bed, which had been 
previously partially fractu by stresses set up by 
unequal expansion, being unable to withstand the pres- 
sure to which it was subjected, there probably 
present at the same time some stress due to unequ 
e ion thro variation in temperature, vs 

fn his general remarks Mr. Binmore gives additional 
information, from which it would ar that the 
calender which exploded was used for the ironing of 
large pieces of linen, and was the smallest of t 
machines similar in general type. It was heated by the 
admission of steam from a boiler having a working 
pressure up to 120 Ib. per square inch, and the only 
means of regulating the pressure in the bed of the 
calender was by a screw-down valve, which was opened 
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or closed by the girls operating the machine as they saw 
the , as ded on the gauge, vee | or rising. 

The machine was purchased second-hand from the 
proprietors of the Snowflake beg ng’ f Hull, and re- 
erected at the Cromwell Laundry in July, 1919, and is 
stated to have given no trouble prior to the explosion, 
except that the end covers required rejointing about 
August, 1920. No defect to the casting was then 
noticed by the fitter who did the work. Whilst this 
calender was in the ownership of the Snowflake Laundry 
it appears to have been worked with steam not exceeding 
80 Ib. per square inch, and on July 6, 1918, it was sub- 
jected to an hydraulic test by the Vulcan Insurance 
Company. The following appears in a copy of the 
inspector's report of this test :— 

“I to-day witnessed test on this calender by hydraulic 
pressure to 120 lb. per square inch. The centre of bed 
and at about 12 in. from each end were gauged for 
deflection. The amount did not exceed ¥ in., which 
returned upon release of pressure, showing no permanent 
set; all parts were tight and dry, and test was satis- 
factory during period of 25 minutes.” 

Mr. Binmore adds that, from the fact that deflection 
is stated to have taken place, it is probable that the two 
ties showing evid of fract of long standing were 
in such condition when this test was applied. 

The pressure on the boiler at the time of the explosion 
is stated by the attendant to have been 65 Ib. per 
square inch. The calender bed had such abrupt chan 
in the thickness of its walls that, at the position of t 
machined groove running its entire length, severe stress 
must have occurred with changes of temperature, and the 
partial fractures present before the ultimate failure are 
accounted for thereby: The installation was such that, 
given a steam pressure of 120 lb. on the works boiler, 
4@ similar pressure could be obtained in the calender, 
the only safeguard being the vigilance of the girls workin, 
the machine. Since the explosion the safety valve o 
the works boiler, the report states, has been set to blow 
at 75 lb. per square inch, and in view of there being 
another machine of similar design to that which failed, 
working under such conditions that its steam pressure 
may be that of the boiler, the manager has been advised 
to doa a reducing and safety valve fitted so that the 
= may not exceed 40 Ib. The desirability of 

aving the machine thoroughly inspected periodically 
has also been pointed out. 

In his observations on the report, Mr. Thomas Carlton, 
the Engineer-Surveyor-in-Chief, says that “‘ the calender 
h Pp tly in of time been weakened by frac- 
tures which developed in the material, until it became 
unfit for the conditions under which it was used. The 
ribs, which were cast in the steam space to form ties 
between the inner and outer surfaces of the calender, 
were typical of a common and convenient method of 
stiffening hot plates and similar cast iron vessels subject 
to internal pressure. These internal ribs, however, Mr. 
Carlton adds, unless strongly made, are very liable to 
fracture, and the vessels in whieh they are cast should be 
carefully examined when possible, but in view of the 
— inaccessibility of the ribs, the vessels should also 

tested periodically by hydraulic pressure. During 
the test the casting should be carefully examined for any 
deflections which might be indicative of broken ribs or 
weakness generally. 

“The fittings on the calender were quite inadequate, 
and as no —— was made to prevent over-pressure, 
it is proba that the calender had been frequently 
subjected to higher pressures than should have been 
allowed in a vessel of this description. It is noted that 
it is proposed to reduce the boiler pressure from 120 Ib. 
per square inch to 75 Ib. per square inch, which will tend 
to safer working of the calenders remaining in the 
— but while the boiler pressure continues substan- 
tially higher than the safe working pressure of the 
calenders, the installation cannot be re as satis- 
factory, unless each calender is provided with a relief 
valve set to the maximum safe working pressure for which 
the machine was tructed.” 

















THE NEGATRON: A NEW NEGATIVE 
RESISTANCE DEVICE FOR USE IN WIRE- 
LESS TELEGRAPHY.* 

By Joan Scort-Taaaart. 

Introduction.—The idea of a negative resistance is 
by no means a recent one. looking back along the road 
of electrical progress the first important milestone of 
continuous wave wireless telegraphy is 1900, when 
Duddell first distinctly intra’ how the are produced 
oscillations. Since that date the arc has, for many pur- 
poses, become the chief means of communicating by 
wireless across long distances, and it is to Duddell’s 
important appreciation of the value of negative resistance 
effects that we owe many of our modern achievements 
in radio communication. 

For the benefit of those who are not au fait with a 
subject outside their usual fiel|, we may ggg San 
the value and meaning of negative resistance. ‘e might 
define negative resistance as the exact opposite of 
ordinary or positive resistance. An electrical circuit 
ordinarily possesses resistance and resistance means 
wastage of power. A feature of an ordinary resistance 
is that if the voltage across it increases, the current 

ugh it increases. This seems quite what would be 
expected, but there are a few—a mere one or two— 
devices which obey an exactly opposite law. As the 
electromotive force across them increases, the current 
through them decreases and conversely. They obey the 


flaw I = => & These negative resistance devices have 
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always been of the very highest value in wireless recep- 
tion and transmission. They have opened up new fiel 

or provided alternative ones which have enabled wireless 
to develop untrammelled by monopolies. Some devices, 
although having negative resistance characteristics, have 
been useless in wireless telegraphy for the simple reason 
that they can only be employed in the case of circuits 
in which the current variations are of low frequency. 
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Several negative resistance devices will work well, like 
Duddell’s original arc, on low frequencies, but, as far 
as the author is aware, there are so far only two devices 
which have been shown to possess actual static negative 
resistance characteristics enabling high frequency oscilla- 
tions to be produced, These are the arc and what 
has been called the Dynatron; of these, the are un- 
doubtedly prefers medium frequencies. 

The chief value of a negative resistance is that if 
rea ps in series with a pounire resistance = 
it will partially, or completely, neutralise the ordinary 
resistance of the circuit. This is a remarkable property, 
and enables si of all kinds to be greatly amplified. 
For example, by the use of a negative resistance device, 
it is ible to cut down the resistance of long stretches 
of salegeaph cable and save costs in this way. Wireless 
signals have also been amplified a thousand times by the 
use of a single negative resistance valve. The chief use 
of @ negative resistance valve, however, is in the pro- 
duction of continuous oscillations for use in wireless 





transmission or reception by the beat method. Oscilla- 


tions once set up in an oscillatory circuit will normally 
die out because of the resistance of the circuit which 
dissipates the e If, however, we can reduce the 
resistance of the oscillatory circuit to zero we enable the 
oscillations, once started, to persist. This is only a very 
rough method of explaining production of continuous 
oscillations and waves, but it will no doubt suffice for the 
present occasion. 

The -Negatron.—The negatron valve was produced in 
September, 1919, and the author’s patent for it (No. 
166,269) has recently been accepted. The principle on 
which it works is briefly as follows: A thermionic valve 
is arranged having two flat anodes one on each side of 
@ filament. Each anode is connected through an anode 
battery to the filament so that the electrons emitted 
by the filament, when it is heated to incandescence, are 
distributed fairly equally between the two anodes. 
A control electrode, which may be a flat grid, is also 
arranged within the valve between the filament and one 
of the anodes. This latter anode will be called the 
“diversion anode,” while the first one will be called the 
**main anode.” If we suitably arrange the relationship 
between the electron emission and the anode voltages, we 
may make the total of the anode currents approximately 
equal to the electron emission. In other words, a 
saturation effect is obtained. Under these conditions, 
if we make the grid more positive with respect to the 
filament we shall divert electrons from the main anode 
to the diversion anode, with a consequent reduction of 
the current flowing in the main anode circuit. In the 
negatron, as preferably used, the main anode is con- 
nected to the grid so that when the main anode voltage 
is increased the grid potential is increased, electrons are 
diverted from the main anode, and the main anode 
current decreases. Hence the negative resistance effect. 

Theory of Action of the Negatron.—Fig. 1 illustrates 
the negatron valve itself. The anode on the left is-the 
main anode (usually small), while the anode on the right 
is the diversion anode. Between the filament and the 
diversion anode is a flat openwork grid. A tubular 
valve with four-pin cap is preferred, the connection to 
the main anode being taken to the metal portion of the 
valve cap. A metal spring on the holder presses against 
and makes electrical contact with this metal portion. 

The action of the negatron will be best understood if 
reference is made to Fig. 2, which shows a negatron 
connected up in one way so as to possess negative 
resistance characteristics. Between the anode A; and 
the filament F is a battery H, and two terminals I, N. 
Between these terminals a milli-ammeter may, for the 








time being, be connected. ‘The anode is connected 
through a battery B to the grid G. This battery is 


Fig. 3. OHA RACTERISTIC CURVES OF A 
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merely connected in this position to keep the grid ata 
suitable potential which is preferably slightly negative. 
If G were connected directly to A}, G would have a high 
positive potential with respect to F. Between F and 
the diversion anode A: is a second battery Hz. Both 
Hy and H, are usually of about 60 volts, but their values 
are not very important provided that the current supplied 
to the filament F may be adjusted to produce the 
saturation effect. 

Let us now see what will happen if we increase the volt- 
age of H}. We should normally expect the current to A; 
to increase, but as the potential of A; increases so does 
that of the grid G. Since G becomes more positive, the 
current to will increase, and this increase could be 
measured by connecting a d milli ter in the 
Ag anode circuit. This — of varying (by 427 
i the charge) t current to Ag is, 0 
_ se eal tensa es has been used in own | 
valvos since Lee de Forest first introduced the grid. 
The important fact to notice, howe er, is that, if 
the current to Ag increases, the electrons which go 
to Ag must come from those which would have gone to 
the anode A}. There is, therefore, a diversion of electrons. 
If the Ag anode current increases, the A; anode current 
must decrease, and conversely. Similarly a decrease of the 
A, anode current would always be accompanied by 
an increase of the Ag anode current, and conversely 
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This effect is conditional on the existence of saturation 
in the valve. Since by increasing the potential of the 
main anode A, we have diverted electron current to the 
anode Ag, the main anode current decreases, There are 
now two effects which govern the A; anode current. 
The increase in the A; anode potential tends to increase 
the Ap anode current; the diversion effect, however, 
tends to decrease the Aj anode current. The diversion 
effect greatly outweighs the other, and the result is a 
decrease in the main anode current co uent on an 
increase of the main anode potential ; the converse also 
applies. A decrease of the main anode potential makes 
the grid G more negative and decreases the current to Ap. 
The A, anode current consequently increases. In this 
ba the negatron acts as a negative resistance. 
he negatron, as described, works only when the 
saturation effect is obtained, For this reason, a filament 
current rheostat is desirable and the current through 
the filament is adjusted until the negative resistance 
effect is obtained. If the filament be too bright, there 
will be no “robbing” action. There will always be a 
plentiful supply of electrons around the filament and an 
merease of grid potential would increase the Ag anode 
current and the additional electrons would come from the 
source round the filament and not from amongst those 
which would have gone to the main anode A;. The 
A anode current would therefore be unaffected and no 
negative resistance effect would be obtained. 
Characteristic Curres of the Negatron.—-The above 
explanation is borne out by characteristic curves obtained 
with the negatron, three of which curves are shown in 
Fig. 3. The thick line shows the main anode current. 
The top thin curve shows the sum of the two anode 


19.6. DIAGRAM SHOWING EFFECT OF 
FILAMENT CURRENT ON THE OSCILLATING 
PROPERTIES OF THE NEGATRON. 
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currents. The broken line represents the diversion anode 
eurrent. Since the grid is always kept in the neighbour- 
hood of zero volts, the grid current is almost zero. 
The grid is usually kept slightly negative, so that the grid 
current is zero. If this were not so, the grid current 
would add itself to the main anode current and the 
negative resistance slope would be less steep. 

he curves of Fig. 3 bring out very clearly the 
“robbing ’’ action which the negatron utilises. ‘The top 
curve shows that the negative resistance effect is obtained 
while the valve is saturated. Since the total current 
remains constant and the diversion anode current in- 
creases (due to the contro! electrode potential rising) 
the main anode current must of necessity decrease, and 
this is shown by the thick line curve which slopes down- 
wards. The main anode current decreases to the left 
of the peak because the saturation effect is non-existent 
(as proved by the top curve) and the decreasing grid 
potential produces an increasing space c between 
filament and main anode which decreases the main 
anode circuit. The curve is, of course, only used along 
its downward sloping portion and oscillations will only 
be produced when the main anode and grid potentials 
are at suitable values. In practice, the grid potential 
is usually slightly negative and no grid voitage adjust- 
ment is necessary. 

Applications of the Negatron.—To recount the applica- 
tions of the negatron would take up too much space ; 
they are as numerous and varied as those of the dynatron 
(which, of course, works on an essentially different 
principle). The main use of it is as a generator of 
continuous oscillations for the transmission or reception 
of continuous waves. It may be used for receiving spark 
signals by reducing the effect of positive resistance. As a 
local oscillator it is exceedingly convenient as it will 
oscillate on all ranges from 600 m. to 20,000 m. (the usual 
commercial range) without any complicated switching 
arrangements, The circuit arrangements which have 
been found most convenient are shown in Fig. 4. These 
are the same as those in Fig. 2, except that the two 
batteries are replaced bya single one H of about 60 volts. 
The main anode is connected through a leaky grid con- 
denser C2 to the grid G, » resistance R; being connected 
across grid and filament. Thisleaky grid condenser merely 
bas rp: the battery B of Fig. 2 for the purpose of avoidin, 
a high positive grid potential. The fil t F is heat 
by current from the 6-volt accumulator B, through the 











rheostat Ro, of about 7 ohms resistance, This rheostat 
is adjusted until continuous oscillations are produced in 
the oscillatory circuit LC,. 1t is to be noted that the 
diversion anode circuit plays no other part in the circuit 
than as a path round which electrons are shunted. 
The A? anode current produces no effect whatever on the 
oscillatory circuit LC. If this anode were disconnected, 
the circuit would not, of course, oscillate even if there 
were plenty of electrons, t the ph of the grid 
potentials would be exactly opposite to those necessary 
to produce oscillations. As it is, the grid, over (and 
beyond) the working range, does not control the main 
anode current in any way, when the A» anode is dis- 
connected. 

Fig. 5 is a photograph of a commercial negatron oacil - 
lator designed for use as a local oscillator for beat 
reception, The circuit arrangements are similar to those 
of Fig. 4. A metal plate is preferably connected to 
& point along the inductance, This metal plate increases 
the strength of the oscillations induced in the receiver 
and it is preferably not connected at the end of L because 
this tends somewhat to damp out the oscillations on 
short wave-l hs. With regard to the design of this 
model, the author desires to acknowledge the work of 
Mr. Norman Lea, chiefly in designing the final dimensions 
of the valve electrodes to give the best results, and that 
of Messrs. Ree and Bainbridge-Bell in obteining curves 
and designing the constants of the oscillatory circuit. 

Before concluding, it will be of interest, no doubt, to 
demonstrate by means- of curves the fact that the 
negatron only oscillates over a given range of filament 
current. Fig. 6 shows a series of characteristic 
curves. Main anode current curves are given for 























Fra. 5. 


different values of filament current. The negative re- 
sistance effect disappears completely when the filament 
current is above 0°575 amperes, Likewise, it disappears, 
for another reason, when the filament current is very 
small. An oscillatory circuit will oscillate vided 
conditions are such as to come within the shaded area, 
and no difficulty is experienced in practice through 
the limited range of filament brightness. 

In conclusion, the author apologises for introducing 
still another item of valve nomenclature. A distinctive 
name, however, is particularly desirable for commercial 
reasons, and is also useful to designate briefly a novel 
scientific device. 





A NEW DEVICE HAVING NEGATIVE- 
RESISTANCE CHARACTERISTICS. 
By Joun Scort-TacGart, 

AnoTtHer addition to the formerly very small list 
of devices having negative-resistance characteristics is 
shown in the accompanying di The arrangement 
employs two three-electrode valves, one acting as 4 
conductor of current and the other as a phase-reverser. 
The valve A is the conductor of current from the 
battery H;. Let us imagine an ammeter included across 
the terminals I, N. If the E.M.F. of H, were increased 
we should expect the anode current to be increased, The 
opposite effect is obtained, however, by arranging that 
the increase in the anode voltage of P; increases the 
potential of the grid Gp of the valve B. The normal 
potential of Gp is kept near zero by a evans 4 By. In 
the anode circuit of B is an anode battery Hg and a 
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resistance R. When G2 becomes positive, the, anode 
eurrent through R increases, making the grid G; of the 
valve A more negative. ‘Ihe battery keeps the 
grid G, at a suitable normal potential near zero. By 
increasing H; we therefore have two effects: One is a 
tendency to prod an increase of anode curront by 
increasing the anode potential ; the other is a tendency 
to decrease the anode current by making the grid more 
negative. This latter effect tly outweighs the 
former, so that the anode current decreases and a negative- 
resistance characteristic is obtained. If the voltage of 
Hi, be decreased the converse effect takes ©. 

circuit, the resistance of which is to be decreased, is 





THE “BIOTRON” NEGATIVE RESISTANCE DEVICE. 


Hie: 


ry 
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(6354) 
normally connected across I, N. This static negative- 
resistance cevice can produce a very steep negative 
characteristic, ‘lhe curve, moreover, is straight. This 
particular negative resistance bears, at first glance, 
@ certain resemblance to other resistance coupled 
arrangements, but as far as operation is concerned this 
is not the case. Fe 

The arrangement shown in the diagram is perfectly 
stable. There is no building-up or retro-active action , 
as in the devices using two anodo resistances. In the 
diagram the negative-resistance current does not itself 
eae any further change in any of the grid potentials. 
‘his is not the case with the arrangements the author 
is thinking of wherein the negative-resistance current 
passes through a resistance and produces a building-up 
action. The arrangement is described more fully in the 
author’s British patent 152,693 (July 25, 1919). The 
diagram has been reproduced by permission of the 
Wireless Press, Limited, from the author’s book “ Ther. 
mionic Tubes in Radio-Teiegraphy and Telephony.” 




















THE DENSITY OF THE COPPER-ZINC 
ALLOYS.* 
By T. G. Bamrézp, M.8c., Member (Birmingham). 


Tue “density” or “mass per unit volume ” has for 
long been accepted as one the physical constants 
and, as such, its values have been obtained for a very 
large number of elements, compounds, and mechanical 
mixtures. 

Investigators have, however, largely confined their 
attentions to determinations of the densities of fluids, 
and this is owing to the fact that the various physical 
constants of a fiuid are functions of the state of the 
fluid at the moment, while in solids that is not in ral 


the case. Ordinary solids such as the metals and alloys 
will show varying specific properties, but the values of 
such properties will be governed entirely by composition, 

A sample of 70 : 30 


condition, and previous ey 
brass, for Pam me will have a density that is dependent 
upon the casting conditions, precise composition, mech- 
anical and thermal treatment to which it has been 
subjected, and upon the prevailing environmental 
conditions. 

The determination of the density of metals and alloys 
may be carried out rapidly, and with a fair degree of 
accuracy, in the laboratory, and could therefore more 
generally be used as an aid to deciding whether they have 
received satisfactory treatment at each stage of manu- 
facture. 

After casting a brass billet an analysis will decide. 
whether the required composition has been attained, 
and a density Sctormination should indicate whether 
correct casting conditions have been observed and, in 
fact, whether a sound casting has been obtained. . Un- 
fortunately, no accepted standard figures are available 
to which the densities of particular alloys cast under 
specified conditions should conform. It is hoped that 
She pecans paper will supply this practical demand for 
information in the case of the copper-zinc series. 

Earlier Work.—In 1842 R, et published data 
Tes ing the alloys of copper and zinc, in which was 
included a table of speci vities of 21 alloys of 
different compositions. No information, however, is 
available re ing methods adopted in casting these 
alloys, and the results obtained are so irregular as to be 
almost worthless. Whereas some regularity is observ- 
able at the copper-rich end of the series, the results are 
entirely erratic for all alloys containing more than of 50 
per cent. zinc, the gravities rising and falling sharply 
six times in om hey se mp ig composition of 
50 per cent, zinc to that o r cent. zinc, , 

In 1859 F. Crace Calvert ant R. Johnson published a 
paper upon the properties of certain alloys, and sub- 
mitted density values for nine different copper-zino 
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alloys. They give no details at all concernmg methods 
of casting. Their results are plotted in Fig. 1, and it 
has been possible to construct a smooth curve which 
would pass close to seven of the nine points. For 
comparative purposes in this case and in all cases here- 
after mentioned, the th tical density curve (assuming 
there to be no expansion or contraction due to the alloy- 
ing) has been plotted alongside the actual curves obtained 
by the various experimenters. 
In 1873 A. Riche also cast a number of these alloys, 
and he is the first’ research worker who records any 
information as to experimental methods; 60 to 100 
oon ingots of each alloy were cast in the same mould. 
Vhile no definite statement is made, a reader of Riche’s 
paper would tacitly infer that he used a cylindrical iron 
mould, as he states precisely that he did so in certain 
tests on bronze alloys. We are not told that any 
analyses of the alloys were carried out, but since he makes 
use of the term “‘ actual composition ’’ we must assume 
that some form of analytical control was adopted in the 
experiments. Riche made determinations first upon the 
ingots as cast and then upon extremely fine filings taken, 
respectively, from the top and bottom of each ingot. 
His results obtained are plotted in Fig. 2. Fairly con- 
sistent values are obtained in the first series of results 
within the range of 90 per cent. to 35 per cent. copper, 
but outside that range so few figures are available as to 
render interpolation valueless. In the second series 
differences of as much as 0-14 exist between the density 
of the top and bottom of the casting, but sometimes 
the top sample, and in,other cases the bottom sample, 
has the higher value. The mean results are therefore 
plotted and are very irregular. 
In 1901 E. Maey made new determinations of the 
density of the copper-zine alloys, particularly with the 
hope of establishing the existence of chemical com- 





pounds between the elements copper and zinc. He 
melted small 10-grm. samples of Pag pe and zine, 
in small covered porcelain crucibles, and allowed the 


alloy to solidify in the crucible. Allowance for loss of 
zine by volatilization was made when weighing out the 
sample, but no analysis was made of each alloy as a 
check upon its composition. The samples were sub- 
jected to prolonged boiling in water prior to each density 
determination, in order to avoid the existence of air 
spaces, which according to Maey — be completely 
filled with water by this treatment. e ludes that 
the detection of chemical compounds is masked by the 
‘age maead of solid solutions and cannot, therefore, be made 

y density or specific volume determinations but must 
be done by other methods. 

Very recently Rudolf H. Weber, in investigating the 
magnetic susceptibility of the copper-zine alloys, had 
occasion to obtain their specific gravities. He made 
two series of determinations. In the first, zinc was 
heated to the melting point, and small portions “os 
copper, mixed with ammonium chloride, were added 
thereto. The temperature was maintained not higher 
than the melting point of each alloy. In the second 
series, copper was melted under borax and the zinc 
added. The temperature was raised considerably 
above the melting point. 

In all cases small Berlin porcelain crucibles were used, 
and the mould consisted of sand bound together with 
china clay, No attempt was made to ensure the obtain- 
ing of sound castings, as Weber specifically states that 
casting faults do not influence his magnetic measure- 
ments. His second series of results are plotted in 





Fig. 3. 

Suly two investigators, Riche and Weber, have 
analysed the alloys used in the density determinations. 
All made very small castings ; none records agreement of 
duplicate determinations on different samples cut from 
the same casting; and none, apparently, adopted any 
special precautions to ensure that the samples were 
sound, 

It is true that Riche made determinations, using 

wader filed from the top and bottom of each sample, 

ut his results are not concordant. It is also true that 
Maey endeavoured to avoid the effects of — b 
boiling his samples in water; but this, if successful, 
would at once render the results useless to the practical 
man who wants to know what density an ordinar 
sound specimen of given composition should have, if 
cast successfully under given conditions. He further 
wishes to know if, for example, a chilled specimen should 
have a different density from one cooled slowly, and 
what should be the values in each case. 

Mr. J. H. Teng, working in Professor Turner’s labora- 
tory at Birmingham University, during the years 1917-18, 
upon the alloys of zinc and eicitinion, found that both 
sand and chill castings had density values throughout 
which were lower than postulated by theory if no volume 
changes occurred when the two metals were alloyed. 
He found, however, that in all cases the chill-cast speci- 
mens had eo oe values than the sand-cast specimens. 

In no published data is there any attempt to differ- 
entiate between the density of chilled and of sand-cast 
specimens. Weber is the only research worker on the 
copper-zine series who tells us) that he used a sand- 
mould, and Riche leads us to believe that chill-moulds 
were adopted. 

Method of Procedure.—In the present investigation 
both chill and sand cast billets of a cylindrical shape, 
12 in. long and 1 in. diameter, were poured from each 
heat and comparative values of the density obtained. 
The weights of the billets varied from 2 Ib. 8 oz. to 3 lb. 
1 oz,, according to composition. 

The chill-mould was of the ordinary split cannon 
type made in cast iron. The sand-mould was made up 
in ordinary caster’s loam. 

Cathode plate copper and M.M.C., zinc were used. 

The heats were melted in open Salamander pots in 
coke fires under borax. It was not possible to record 
the ternperatures, but in all cases a pouring temperature 





was used which would result in a sound casting. After 
casting, the outside skin of each billet was turned down 
in a lathe for a distance of about an eighth of an inch. 
If the metal did not appear to be perfectly sound, the 
experiment was discontinued and fresh castings were 
made until sound i were obtained. The turnings 
were used for analysis. The composition of the billets 
was found to be uniform throughout. 

If either chill or sand casting were d the two 
samples were rejected, but it should be mentioned that 
the sand-casting was usually the more difficult to obtain 


= sound, 
ylindrical samples weighing 30 to 60 - were 
prepared for the density determinations by turning 
down in the lathe, cutting off about 10 c. from the 
bottom of the casting, olishing with smooth file 
and French emery-papers. The samples were weighed 
in air and in redistilled and boiled water. Suspension 
of the samples from the balance was effected by means 
of a small platinum stirrup. The stirrup itself was 
always submerged in water to a fixed mark when deter- 
mining the weight of a sample in water. 

The volume of the stirrup up to this mark was deter- 
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it in air and in water. An error 
would be introduced due to surface tension, but the same 
error would occur not only in weighing in air but also 
in taking the weights of all the samples in water; it 
will readily be understood, therefore, that surface 
tension effect would not influence the density results. 
No allowance was made for the density of the air, as 
the influence of this factor would be less than the limit 
of accuracy permitted by other factors. The tempera- 
ture of the water at the time of each observation was, of 
course, noted and taken into consideration in all calcu- 
lations. The densities were taken at 18 deg. C., referred 
to water at 4 deg. C. as 1-000. 

The degree of accuracy was such that separate deter- 
minations upon the same sample, at different times, 
would agree to less than 0-005 absolute value. Agree- 
ment between se samples cut from the same bar 
could be obtai _— oe 0-02 oe =. It 

ight be argued t this was not a hig of 
ow but it was found that a sound sample differed 
from an unsound specimen by as much as 0-38. 

The results obtained are plotted in Fig. 4, on which 
curve the results obtained with sand and with chilled 
castings are both shown. 

Those points obtained by Crace Calvert, which are 
consistent amongst the ves, also agree very closely 
with the results of the chill-cast determinations made 
by the author. 

rai results, ae oo 
withi range of composition 0 
cent. copper remarkably well with t 


mined by weighin 


the ingots, agree 
r cent. to 35 per 
author’s chill- 


as previously stated, are insufficient, but indicate a 
id fall in density value in this range. 
ith Maey, the author confesses t he can discern 





agreement only within a very small range of composi- 





cast results. Below 35 per cent. copper Riche’s results, | 4s 


tion, and it can only be suggested that this is due to the 
fact that no analysis was carried out and also to Maey’s 
modus operandi, in which he boils his specimens in water 
prior to each density determination. 

With Weber’s results, as might be anticipated, no 
memp-atenp concordance is obtained. 

ferring now to the author’s results in detail, it is to 
be noted that with one exception, namely, 60-7 per 
cent. copper, the densities of the sand-cast specimens 
are less t. those of chill-cast ones, and that in this 
exceptional case the two densities differ by less than, the 
limit of experimental error. 9 

The two curves run side by side with points of very 
close proximity at 40 per cent. copper and 24 per cent. 
copper. They have maximum divergence at about 83 
per cent. copper, 50 per cent. copper, and 35 per cent. 
copper. 

In the entire regiomextending from pure copper down 
to 30 per cent. zinc, a net contraction has taken place 
due to alloying and solidification of the two metals. 
This is revealed by both curves, except for a small part 
of the sand-cast curve, as they are above the theore- 
tical density curve. Below 30 per cent. zinc, however, 
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a very marked expansion takes place, culminating in 
minimum density values at 12 per cent. copper. 

The results fall into line with Shepherd’s curve for 
the copper-zine series, and also afford remarkable con- 
firmation of the data published by Turner and Murray 
(see ENGINEERING, vol. Ixxxviil, page 586) on the 
volume ch of the copper-zine alloys, establishing 
the fact that the changes recorded therein were actual 
volume changes and were not caused merely by thrust 
or by —— movement, as had been suggested 
= be the case. 

he points at 61 per cent. copper and 40 per cent. 
copper correspond very closely with the points A and 
B on Shepherd’s diagram, and also with the points at 
which Turner and Murray record a zero expansion upon 
solidification. 

Points of maximum divergence between the curves 
for chill and sand castings, which occur at 83 per cent. 
and 50 per cent. copper, cor d to points of maxi- 
mum divergence between liquidus and solidus on Shep- 
herd’s curve and to points of maximum recorded by 
Turner and Murray. 

When the liquidus and solidus curves come together 

—e at the points A and B on Shepherd’s curve, 
the y would have a uniform composition whether 
slowly cooled or chilled. When, on the other hand, 








we are dealing with an alloy corresponding to a composi- 
and iA 


tion at which liquid are widely different, 
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quick chilling from the molten state may produce 4 
cored, heterogeneous structure, as is in fact well known 
to be the case with chill-cast brasses having a copper 
content above 65 per cent. copper. In such a case the 
last crystals to form may constitute a phase which would 
not have formed at all under conditions of slow cooling. 

It is to be anticipated, therefore, that, while alloys 
corresponding to the points A and B would have equal 
density values whether chill- or sand-cast, alloys havi 
other compositions would have different metallographi 
structure, and therefore different density values accord- 
ing to their rate of cooling after having been poured 
into the mould. The agreement between these theore- 
tical considerations and the actual results indicates, the 
authors believe, a confirmation of the accuracy of the 
results. 

The equilibrium diagram of alloys whose composi- 
tions contain less than 30 per cent. copper is so com- 
plicated that it is difficult to draw parallels between the 
density curves and the equilibrium diagram. Some new 
factor appears which causes a remarkable expansion and 
affords striking confirmation of the expansion recorded 
by Turner and Murray. Samples in this region have 
been prepared which turn easily in the lathe and appear 
poateetly sound, but which may be caused to absorb 
arge quantities of water by prolonged immersion therein. 
We are evidently dealing here with a new form of porosity 
different from ordi unsoundness. 

The work reco in this paper was initiated by 
Professor Turner in his laberatory at the University of 
Birmingham, and the author wishes to express his 
indebtedness to him for his interest, advice, and aid 
in the prosecution of the work, 


The author wishes also to express his gratitude to 


Mr. W. E. Ballard, who helped him with some of the |. 


early casting work. 

It is also the author’s pleasure to record his appre- 
ciation of the sympathy extended towards his works 
by the —s ae a aan ag Amani: 
tion, which exten practi sympati oaning 
Mr. B. Bloomer for the purpose of oniting In the re- 
search. Mr. Bloomer was most painstaking and reliable 
in his carrying out of much of the routine work. 





LONG DISTANCE TRANSMISSION OF ELEC- 
TRICAL ENERGY WITH SPECIAL 
REFERENCE TO TIDAL POWER.* 


By T. F. Wats, D.Sc., D.Eng., Assoc.M.Inst.C.E. 


Introductory.—The utilisation of tidal power for the 
generation of electricity involves a peculiar and difficult 
problem arising from the extremely large variation of 
speed of the turbines under the varying head of water. 

According to the reports issued in the Press, the 
proposals of the Ministry of Transport for the Severn 
scheme provide for an average generation of 500,000-h.p. 
over @ 10-hours’ day. The scheme involves the use 
of special direct-current — driven by water 
turbines, these generators being so designed that each 
machine will develop about 1,300 kw. at a constant 
pressure of 525 volts and at a speed varying from 300 
r.p.m. to 500 r.p.m, The direct-current so generated 
would then be supplied to rotary converters giving 
320 volts alternating current, and, by means of static 
transformers, this pressure would be raised to 60,000 volts 
which would be the pressure of transmission to the Mid- 
lands. Transmission to London—a distance of 115 
miles—is suggested at a pressure of 120,000 volts. 

Owing to the varying speed of the turbines, the use 
of alternating-current generators driven by the turbines 
is, in the ordinary way, not practicable, since the gene- 
rated e.m.f. would be of varying frequency; for the 
speed range given above, the maximum value of the 
frequency would be 1-66 times the minimum value. 
Moreover, unless elaborate automatic arrangements were 
made, the generated e.m.f. would also vary in magnitude 
more or less in proportion to the speed variation. 

Such large variations of frequency. and e.m.f. would 
be impracticable for feeding a distribution system, for 
the obvious reasons that motors, such as induction motors 
or synchronous motors, would have similar speed varia- 
tions independently of the requirements of the consumer, 
and lighting and heating appliances cannot be operated 
from a system of which the pressure is widely oer 

It is clear that the proposal to generate 500,000-h.p. 
by means of 1,300 kw. direct-current units, and then to 
convert to alternating current by means of rotary con- 
verters, would involve an immense number of machines, 
The duplication of machines necessary owing to the 
generation, in the first instance, as direct current, and 
then conversion to alternating current, is a very serious 
matter, and the capital outlay for these machines alone 
would probably be sufficiently large to imperil the 
feasibility of the scheme. From criticisms and discus- 
sions of the proposals which have appeared from time 
to time, it is clear that the immense capital outlay 
involved in realising the installation would very likely 
be fatal to the success of this otherwise most attractive 
project. 

The successful exploitation of tidal power will depend 
on the solution of the peculiar electrical vp rere 
difficulties inherent in such an undertaking, and electrica 
engineers should be prepared to strike out-on new lines 
as may be necessary to meet these requirements. 

The purpose of the present paper is to give very 
briefly, a preliminary outline of an alternative system 
obviating the difficulty of the varying speeds of the tur- 
bines. The system permits of the use of alternating- 
current generators driven directly from the turbines, and 
it is expected that an appreciable saving in capital out- 
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lay will result. The system also presents other advan- 

us features. 

iefly stated, the scheme involves the generation of 
alternating current at such a frequency that the length 
of the transmission line at one turbine speed (viz., the 
lowest) will be equal to or approximately equal to one 
quarter the wave length of the travelli waves of 
= and current which will be establis in the 
ine. As the speed of the turbines increases, the fre- 
quency of the generated alternating current will 
increase correspondingly, and, if the excitation is constant, 
the generated e.m.f. will also increase correspondingly. 
As the frequency increases, the wave length decreases 
so that, if at the lowest speed the length of the line is 
one-quarter wave length, then at double this speed 
the length of the line will be one-half wave length. 

Assuming constant current at the receiving end of the 
line, it is shown that, notwithstanding the rise of the 
generator voltage as the speed rises, the voltage at the 
receiver's end of the line will remain constant. 

The arrangement thus results in an alternating- 
current supply at the receiver’s end of the line of constant 
voltage and variable frequency. 

So long as the p.d. is constant and the frequency 
is high, a variable frequency is not objectionable for 
heating and lighting apparatus. In order to obtain 
@ supply suitable for driving motors, &c., it is pro- 
Flom to convert, by means of mercury-arc rectifiers, 
to direct current, and it is shown that, by such 
means, & constant alternating-current voltage of variable 
frequency generated and transmitted in the manner 
already described, may be transformed to a direct- 
current supply of constant current and very approxi- 
mately constant voltage. 

Generation and Transmission.—The following equa- 
tions express the relationships between the line constants 
and the voltage and current vectors at the receiving 
end and the generator end of the line, respectively, viz. : 
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where Vi ss Nati the vector of p.d. at the generator 
ih vegueneaii the vector of current at the generator end, 
V2 represents the vector of p.d. at the receiving end, 
Iz represents the vector of current at the receiving end, 
“% represents the length of the transmission line, 
a represents the attenuation constant, 
8 represents the wave length constant, 
e is the base of natural logarithms, viz., e = 2-718, 
and j = ./ —1. 
Further, 


t= a[ JE FR RFR + @R-3H)], 
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in which g is the insulation resistance per unit length of 
the line, 
— bis the capacity susceptance per unit length of the line, 
R is the resistance of the line per unit length, 
X is the reactance of the line per unit length. 
Also, 
b=wC=2rfC, 
X=wLl=2rfl 


in which C farads is the line capacity per unit length, 
L henrys is the line inductance per unit length, 
fis the frequeney. 

The vector Y = g + 76 is the vector of admittance 
per unit length of line, and the vector Z=R+jXis 
the vector of impedance per unit length of line. 

For the high frequency n for this proposed 
system, R is negligiblysmall,and for well-insulated over- 
head transmission lines working at a pressure below that 
corresponding to “corona”’ effects, the value of g will 
also be negligibly small. 

When g == 0, and R = 0, the value of the attenuation 
constant a will also be zero, and the wave length con- 
stant will be 


B= J/bX=2rf/LC. 
The wave length of the travelling waves of p.d. and 
current along the line is given by 


ee. as, ee 
B 2"fvLe 
Further, the vector Z, is defined by 


and is termed the “initial sending end impedance.” 


Since a = 0, e** = 1, and the equations e ing 
the relationships between the vectors of p.d. ond current 


at the generator end and the receiver's end, respectively, 
may be written 
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For one-quarter wave length conditions 


4 4\8/> 
Bl = wi2, 
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that is 
Mi =4 (tp) = 4 / Xt 
Similarly, 
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For one-half wave length conditions, 


l=4rX:Bl=r 


that is, peter 
Vi = — Ve 
Similarly, 7 
I, = — I, 


For three-eighth wave length conditions, 
3 
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Example.—As an example, consider the following ease, 
viz.: A bore at age transmission of which the lines 
are symmetrically arranged, and having a spacing of 
10 ft. between any two lines. The conductors are of 
0-42-in. diameter. The pressure at the receiving end 
of the line is 90,000 volts between the lines and the 
power supplied to the receiver is 15,000 kw. at unity 
power factor. The line is 115 miles long. 

From these data the following results may be deduced. 
The equivalent star capacity of the three-phase line is 
0-014 micro-farad per phase per mile; the inductance 
is 0-0021 henry per phase per mile ; the phase pressure 
at the receiving end is 52,000 volts; the line current 
at the receiving end is 96 amperes. 

The wave-length constant is 
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The frequency f at which the length of the line will be 
one-quarter wave length is given by 


1 106 
4 (sas 7) 
that is, the frequency is 400 cycles per second, and 
Bl= 5. 
Similarly, for three-eighth wave length the frequency 


is 600 cycles and pim=S*. 


115 miles = ia - 


For one-half wave length, the frequency is 800 cycles 
per second and 8/1 = r. 

The pressure per phase at the receiver end of the line 
is 52,000 volts. 

The current per line at the receiver end of the line is 
96 amperes. 


The value of Zo is >’ that is, Zo = 388. 


Hence the following results are obtained, viz. :— 

For a frequency f = 400 cycles per second, that is 
pl=% 

Vi = j (Ig Zo) = j (37,200) volts, 
Ve 
I, = j {| 2) = / (132) amperes. 
=i (;, ) 

The magnitude of V, in this case is thus 37,200 volts, 
and the magnitude of I, is 132 amperes. 

For a frequency of f = 600 per second, Bl = Fr. 
Assuming that cos ¢2 = 1, that is the vectors Vg and 
Ig are in phase, then 
° j 3a 

Vi = 4(V2 + Te Zoe” 4 + (V2 — Ie Zoje 


that is, 
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i 
that is 
I, = (116)e 41° 
The magnitude of v1 in this case is 45,500 volts, and 
the magnitude of h is 116 amperes. 
For a frequency f = 800 cycles per second, Bl 
and 
V¥i= 


T. 
— Ve 
a Tp 

Hence the magnitude of Vi in this case is 52,000 volts 
and the magnitude of I; is 96 amperes. 


It thus appears that the magnitudes of the voltage and 
the current at the receiver end of the line will remain 
constant if the voltage at the generator end of the line 
is increased with the frequency as follows :— 


Voltage at the generator 
Frequency. end of the Line. 
400 37,200 
600 45,500 
800 52,000 


If the excitation of the generators is maintained 
constant, the induced e.m.f. of the generators will rise 
at a higher rate than that shown in the above table, 
and, consequently, allowing for pressure drop in trans- 
formers and machines, it will be possible to obtain an 
available pressure rise at the generator end of the line 
which will be of the amount necessary to maintain the 
voltage at the receiver end constant. If so desired, the 
voltage at the receiver end may be allowed to rise by 
a definite percentage with the frequency. 

As regards the assumption that cos ¢2 is unity when 
the frequency is 600 cycles per second, it may be noticed 
that, for the proposed system of mercury-arc rectification, 
the power factor of the arc would normally be about 0-8 
In order to obtain unity power factor, static condensers 
may be used, and on account of ‘the high frequency 
employed in the system, the amount of such capacity 
necessary would be —, small. For example, if the 
low-tension side of the transformers at the receiving 
end of the line is operated at 2,000 volts and the power 
is 5,000 kw. per phase, the power factor being raised 
from 0-8 to unity by means of condensers connected in 
parallel with the load, it follows that the condensers 
must take a current of about 1,870 amperes per phase. 
At 2,000 volts and for a frequency of 600 cycles per 
second, the amount of capacity necessary will accor- 
dingly be 250 micro-farads per phase. 

Calculations similar to those already given show that 
if the power factor cos ¢2 at the receiving end of the line 
is nd ney the effect described in the foregoing may be 
obtained with smaller values of the frequencies. Thus, 
for cos ¢2 = 0-8 leading, the lower limit of the frequency 
range may be about 200 cycles per second, 

These results are summarised in the curves shown in 
Figs. 1, 2 and 3, which show the phase p.d. which is 
necessary at the generator end of the line in order that 
the phase p.d. at the receiver end of the line shall remain 
constant with varying generator frequency. In each 
case it is assumed that the load at the receiver’s end 
of the line is constant and equal to 15,000 kilowatts. 

Fig. 1 shows the conditions for unity power factor at 
the receiver’s end of the line, that is, cos @2 = 1: line 
current = 96 amperes. 

Fig. 2 shows the conditions for cos ¢z = 0-8 leading : 
line current = 120 amperes. 

Fig. 3 shows the conditions for cos g@2 = 0°8 lagging: 
line current = 120 amperes, 

Mercury-Arc Rectification at the Receiver’s End of the 
Line.—The use of mercury-arc rectifiers for large powers 
has in recent years become of great practical importance, 
and considerable experience in the manufacture and use 
of large power units is now available. 

The theory of this apparatus has been worked out 
in great detail by Dr. C. P. Steinmetz. 

Assuming that the rectified load per phase is 5,000 kw., 
viz., 2,500 amperes at 2,000 volts, and assuming values 
for the react and resist of the rectifier circuit 
and load, the following values have been calculated for 
the p.d., which is necessary at the secondary terminal 
of the transformer to which the rectifier is connected. 
The calculations are based on the assumption that the 
direct-current voltage and current are kept constant at 
the values given above. 





P.D. at the 
Secondary Terminal 
of the Transformer to 
which the Rectifier is 
Connected. 
Volts. 
5,500 
5,650 
5,900 


It thus appears that for 100 per cent. variation in the 
frequency, viz., from 400 > yen to 800 cycles per second, 
A 


Frequency of the 
Alternating Current 
supplied to the 
Rectifier. 


Cycles per Second. 
400 
600 
800 


it is only necessary that t .d. should vary by 7 per 
cent. in order that the rectified current and pressure 
should remain constant. 

A considerable number of alternating-current machines 
for frequencies up to 600 cycles per second have been 
built within the last few years for special pu , 8O 
that there is a good deal of information eauiahie with 
respect to the design and performance of these machines, 

s already stated, for lighting and heating purposes 





it would not be necessary to rectify the variable frequency 
alternating current. If the voltage drop with increase 
of are wae troublesome in the distribution system, 
this could compensated for by allowing the voltage 
at the receiver’s end of the line to rise by a définite per- 
centage as the frequency increases, instead of maintaining 
this voltage constant. 

Apart, therefore, from lighting and heating load 
requirements, the main distribution supply system 
would be direct current, according to the present pro- 
posals. For many requirements, a direct-current supply 


Phase P-_ DV. at 
Gen® End of Line 
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Phase PD.V, at 
Gen” End of Line 
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600 800 
Gycles per Second 


would be necessary even if the aiternating-current trans- 
mission wefe at constant frequency. For a large number 
of other purposes a direct-current supply offers advan- 
tages over an alternating-current supply. 

It will be observed that the present proposals involve 
the existence of a consumers’ load of constant magnitude. 
If a large industrial area is supplied, such constancy of 
load is not difficult to obtain, and by the establishment 
of electro-chemical and metallurgical industries in or 
near the areas supplied, a practically constant load could 
be ensured. The extremely good load factor so obtained 
would ensure practically ideal conditions as regards 
minimum cost of supply. 





CATALOGUES. 

Roller Bearings.—Messrs. Hyatt, Limited, 4, Thurloe- 
place, London, 8.W. 7, have issued a special catalogue 
dealing with the application of their flexible roller bearings 
to trucks, trams and colliery tubs. 


Machine Tools, &c.—A catalogue of lathes, drilling, 
grinding and other machines, as well as small tools and 
workshop accessories, has been received from Messrs. 
Morton and Weaver, Cox-street, Coventry. 


Bitumen.—-Preparations of bitumen for protecting 
and preserving electric cable& are described, and their 
application illustrated in a little booklet issued by the 
Dussek Bitumen Company, Empress Wharf, Bromley- 
by-Bow, London, E. 3. 


Electric Light Fittings.—A large selection of reflectors, 
lanterns, brackets and all fittings necessary for indoor and 
outdoor electric lighting is illustrated and fully described 
in an excellent catalogue which we have received from 
the Edison Swan Electric Company, Limited, Ponders 
End, Middlesex. . 


Turbine-Driven Pumps.—A mass of information 
relating to centrifugal pumps driven by steam turbines 
in water works service is presented in a handsome book 
of 100 quarto pages received from the De Laval Steam 
Turbine Company, of Trenton, New Jersey, U.S.A. 
We commend this book to the attention of water-works 
engineers. 


Air Heaters.—Tubular heaters for heating air by 
steam, suitable for factories and drying —— and a 
special type of parallel flow heater for high-pressure 
steam, both made by the Victoria Tube Company, 
Limited, Great Bridge, Staffordshire, are described in 
catalogues received from the company’s representative, 
Mr. A. Fleming Browne, 33, King-street, Covent Garden, 
London, W.C. 2. F 


Electric Crane Control.—Control gear for cranes, 
especially those of the overhead type used in foundries, 


workshops, yards, &c., is the subject of a special catalogue ; 





issued by Messrs. 8. H. Heywood and Co., Limited, 
Reddish, near Stockport. This booklet is worthy of 
attention where a large amount of work has to be carried 
through and quick, accurate lifting and. travelling is 
important. 

Ball Bearings.—A catalogue of ball bearings and balls, 
notable for its compact and clear arrangement of 
cam has been received from Messrs. Rudge 
Whitworth, Limited, Sparkhill, Birmingham. The lists 
include journal and single and double-thrust bearings 
in light, medium and heavy patterns, with a very large 
range of sizes of each ; bearings for magneto drives are 
also listed. 


Ebonite.—Ebonite, vulcanite and hard rubber are 
names given to the same material, which is a rubber 
roduct manufactured in a great variety of moulded 
orms as well as in rods, tubes and sheets. A catalogue 
to hand from Messrs. Siemens Brothers and Co., Limited, 
Woolwich, contains an explanation of its properties and 
uses, with lists of about 80 diameters of , 100 sizes 
of tube, and 50 thicknesses of sheets. 


Tools for Turret Lathes.—A new edition of their 
catalogue of tools for the turret lathe received from 
Messrs. Alfred Herbert, Limited, Coventry, shows 
@ great variety of accurately-made auxiliary attachments 
enabling many ordinary and specially difficult operations 
to be performed rapidly and cheaply. In this case 
“tools ” has a very elastic meaning as it includes not 
only tools proper but special holders, heads, auxiliary 
slide rests, screwing, forming, recessing and other gear. 


Driving Chains.—Messrs. Hans Renold, Limited, 
Didsbury, Manchester, have sent us two booklets on 
driving chains which will be of much practical interest 
to engineers. One gives very fully and clearly the 
technical information required in selecting a chain drive, 
while the other deals especially with the application of 
chain drives to machine tools—chiefly heavy motor- 
driven machines. In both publications lists of chains 
are given in dimensions, strength, power at given speeds, 
&e. 


Special Steels.—The great variety of special steels, 
particularly tool steels, and the careful treatment both 
in working and tempering required to obtain the best 
results from each, is somewhat impressively forced upon 
the mind by a perusal of the catalogue sent to us byMessrs. 
R. B. Hodgson and Co. (Sheffield), Limited, Sentinel 
Steel Works, Sheffield. The information given, which is 
well arranged and carefully indexed, will be useful both 
in practical work and in making up specifications and 
estimates. 


Electric Driving of Machine Tools.—T he whole question 
of the advantages of driving each machine tool by a 
separate motor is reviewed in a catalogue issued by the 
Metropolitan Vickers Electrical Company, Limited, 
Trafford Park, Manchester. The cases discussed are 
chiefly heavy machines requiring up to 50 h.p. and down 
to 24} h.p. The system is, of course, largely used for 
particular machines, and the advantages of dispensing 
with shafting and fixing machines without regard to 
the lining-up which shaft transmission imposes, com- 
mands increasing attention. There are also obvious 
advantages in having standard types and sizes of motors 
which can be easily exchanged when repairs become 
necessary. The catalogue will be found very helpful on 
all aspects of the question. 


Boilers.—Two catalogues dealing with Lancashire 
boilers and boiler fittings are to hand from Messrs. 
Galloways, Limited, Manchester. These are made in 
sizes to suit all general purposes, with a maximum of 
30 ft. length and 8 ft. to 9 ft. diameter. The largest 
sizes are extensively used in multiples or batteries, in 
electrical generating stations, &c. The working pressures 
in pounds per square inch are generally 120 or 160, 
although they are made for pressures up to 225 Ib. .per 
square inch and higher. The improved type is made 
with dished end plates, and also with the two furnace 
flues joining into one broad flue stayed by Galloway 
tubes. The fittings catalogue includes all required 
mountings, fittings and connections, except superheaters 
which are described in the boiler catalogue. Very little 
superficial change has been made in these boilers for 
many years, but a careful reading of the descriptive 
matter with its illustrations of details of riveting, staying, 
gussetting and other joints and strengthenings shows how 
much careful study has been given to remedying the 
faults of earlier designs. 





AUTOGENOUS WELDs oF LOCOMOTIVE FrRE BoxEs.— 
The dearth of copper has forced German railway men 
to make their deo-henes of copper last as es | as 
possible. According to Weese, chief of the railway shops 
at Magdeburg-Buckau (Zeitschrift des Vereines Deutscher 
Ingenieure, September 3), experienced men can carry 
out repairs better by welding than by riveting and bolt- 
ing, even in cases of extending the boxes. Careful work 
is, of course, required. The gas is the customary mix- 
ture of acetylene and oxygen ; and excess of the latter 
is to be avoided. The white core of the flame should 
not be allowed to touch the piece as it contains free 
oxygen, and the core should be sharply defined and not 
be hazy in its outline. A wire, 5 mm. or 6 mm. in 
diameter, of Canzler alloy is recommended as solder; 
this alloy, named after its manufacturer, consists of 
copper, silver and phosphorus, the constituents of 
which reduce any cuprous oxide formed, which would 
spoil the weld; a weld showing the brick-red colour of 
this oxide is considered hopeless. The heating is best 
done on both sides of the metal simultaneously with the 
aid of two burners, and for long welds a third man should 
always be ready to step into the place of a tired welder. 








